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INTRODUCTION

The sweet potato (Ipomoea batatas Poir.) ranks as one of the most
valuable and dependable food crops in the tropical and semitropical
world, and next to the potato (Solanwm tuberosum 1i.) it is the most

1The writers acknowledgo the assistance contributed in various ways by some of tbeir coworkers. They
wish to thank J. I. Lauritzen for the uso of eertain experimental data and W. A. Whitney and C. B,
Sumner for help in the preparation and arrangement of the lllustrations, reading of the manuscrlpt, and

verlfication of citations.
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important vegetable in {he United States. 'The sweet potato grows
as a perennial in tropical countries, but not in the United States,
where it lias been developed and connnercialized probably to a
greater degree than in any other country. Ior this reason the crop
has been adjusted to meet wider variations in cultural conditions than
the natural habits of the plant would suggest were possible. Iu
wany tropical countries the sweet-potato planting is more or less
permanent, the plants maintaining themselves for several years with-
out being reset and without much cultivation. .

There 1s very little acenrate information on the ovigin of the sweet
potato. T'wo theories are advaneed: (1) That it is of Asiafic origing
and (2) that it ovigiuated in tropical Ameriea. De Candolle (27)
althongh not committing himself definitely, seems to be of the opinioun
that it is of tropical American origin. The same view is held by
Groth (59), who states that the evidence presented warrants fully the
conclusion that the sweet potato is a native of tropical America.
According to Groth, Columbus discovered the sweet potato in Cuba
on his first voyage to America.

The sweet potato is eultivated primarily for the fleshy root, which
in some of the varieties often attains a weight of several ponnds.
The cells in the roots are gorged with starch, and a little sugar is
also present.

An exanunation of the statistics reveals the fact that the acreage
of sweet potatoes gradually increased in the United States from 1599
to and including 1922, showing that the erop is becoming of more
cconomic importance among the food erops of tlie country. Follow-
g 1922 there was some decrease in the acreage. In 1899, 42517412
bushels (795) were produced in the United States, with a value of
$10.869,810.  In 1922 109.394,000 bushels (/92) were gvown, which
had an estimated total value of $81,295,000. More than 1,117,000
acres were planted in that year—probably the largest acreage in the
history of the United States. No figures are available showing the
relative value of this erop in countries outside the United States.

In this country the largest acreage of sweet potatoes is grown in
the Southern States, althongh some of the Northiern States (especially
New Jersey, Delaware, Maryland, Towa, Kansas, Califoruia, Illinois,
Ohio, Washington, and Indiana) also produce a considerable quan-
tity. TPennsylvania, Nebraska, Colorado, Utah, and a number of
other States grow sweet potatoes for hionie consumption.  The acre-
age by States in 1924 is indicated graphieally by IFigure 1.

FARM PRACTICES EMPLOYED IN GROWING SWEET POTATOES

In view of the relationship existing hetween the methods of
handling the sweet-potato crop in the United States and the general
prevalence of its diseases, a brief consideration of the farm prae-
tices employed is essentinl.  In no country in the world is the sweet
potato cultivated and handled as it is in the United States, and,
so far as the writers are able to determine, the destructive diseases are
not so grenerally present in any other country. This correlation

3 1talic numbers in parentheses refer to *“ Literature cited,’” p. 108,
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Letween the prevalence of the diseases and the methods of handling
the crop probably is not accidental.

The sweet potato is grown in the United States as an annual;
that is, a new crop is planted each year. This is obligatory, since
sweet potatoes are very sensitive to frosts, and in no part of the
United States will they survive the winter, with the possible excep-
tion of southern Florida. The roots that are to be used for seed
purposes the following season are dug in the fall just preceding or
imediately following the first frost and are stored during the
winter, In the spring they are removed from storage and bedded
in soil or sand, where young plants are produced for the initiation
of the next crop. In many sections of the country it is the general
practice to lay the seed potatoes in the bed about one-fourth to
one-half inch apart and more or less parallel with one another. The
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IF1g. 1.—Outline map of the United States, showing by black dots the distribution of
sweet-potato acreage in 1924. Each dot represenis 20,000 bushels. (Data prepared
by the Bureau of Agricultural Eeconomics)

spacing of the potatoes in the bed not only permits the healthy
development of the yonng sprouts but also, at least to some extent,
prevents the spread of diseases, if any are present, from one potato
ta another. In other sections it is the practice among some growers
to dump the potatoes into a ditch, level them off with a rake, and then
cover them with soil. When the latter method is followed the
potatoes are usually very thick in the bed, and the communication
of black rot or other diseases from potato to potato or from one
plant to another is very prevalent.

In the northern border of the sweet-potato belt hot water, steam,
hot air, or fermenting manure are used as the sources of the heat
supplied to the bed. The beds are frequently covered with canvas
or with glass sash to retain the heat and moisture in the soil. In
from three to five weeks the plants are large enough to pull from
the mother potato and set in the field, where they are planted from
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16 to 20 inches apart in rows about 314 feet apart. In some sections
the plants are set on ridges and in others they are not. They are
cultivated about the same as any other crop that is set out in rows,
usually by means of plows and cultivators. . .

In parts of the United States where the season is sufficiently long,
another form of propagation, known as slip seeding or vine cutting,
is sometimes practiced. This method of propagation consists of cut-
ting the vincs into sections from 6 to 12 inches in length and then
planting each scction in the ground to form a single Lill. Vine
cutting does not obviate entirely the necessity of bedding potatoes,
but it does reduce considerably the quantity that must be bedded.
In order to propagate by vine cuttings, especially where the plants
may be killed prematurely by frost, the potatoes are bedded as
early as weather conditions permit. The plants produced from the
potatoes are st in the ficld, and the cuttings are made from them.
An acre, more or less, depending upon the acreage to be planted
for the major crop, is set out. When the vines of thesc plants are
of sufficient lengtL they are cut into sections and set in the field.
It is believed by some farmers that plants from vine cuttings give
a better yield than plants from the potatoes. The use of vine
cuttings or shlip seeding is an efficacious means of disease control
wlien the potatoes produced in this manner are used for seed.

SERIOUSNESS OF THE DISEASE SITUATION

Nothing is known definitely about the origin of the various sweet-
potato diseases. Several diseases have been known in the United
States for 45 to 50 years, and some of those that occur in the United
States have been reported fron: Japan (99). Notwithstanding lack
of knowledge with respect to the origin of these diseases, the use
of the hotbed and tlie storage house can safely be suspected of con-
tributing materially to the prevalence and severity of some of them.
Black rot and foot rot are two diseases that occur in the hotbeds
whose development is facilitated by the warm, humid atmosphere
frequently found there. Oftentines the storage house, and usually
the banks, provide a congenial environment for the propagation and
transmission of these diseases. Suchenvironmental conditions, coupled
with the susceptibility of some varieties to certain diseases, partially
explain the seriousness of the disease situation in the United States
at the present time,

The losses sustained from the various diseases in field and hotbed
can be only approximately estimated. The diseases in storage arve
perhaps of more economic importance than those in the field and
hotbed, but here again it is not possible to give a very accurate
statement of the losses. The estimated yields of sweet potatoes in
the United States during 1926, according to Crops and Markets for
December 25, 1926, was approximately 83,658,000 bushels (793).
An estimated loss of the crop from sweet-potato diseases, both in the
field and in storage. was obtained for a number of the States for
1925 by the plant disease survey.® The loss from field diseases in
New Jersey in 1925, for example, was estimated at about 36 pcr

2 UNITED STATES DEPARTMENT OF AGRICULTURE, BUREAU OF PLANT INDUSTRY, CROP
LOSSES FROM PLANT DISEASES IN THE UNITKD STATES IN 1925. U. S. Dept. Agr., Bur. Plant
Indus. ’lant Disease Rptr, Sup, 49 ;397-398. 1926. [Mimeographed.]
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cent, or approximately 1,195,000 bushels, worth probably $1 a bushel.
The estimated loss in storage was 4 per cent, or about 84,000 bushels,
approximately equivalent to $84,000, which should be added to those
losses already enumerated. This is the highest percentage of loss
from field diseases reported from any State. In Arkansas there was
a reported loss of about 8 per cent of the crop from field diseases and
one of 30 per cent in storage. Alabama lost about 8.5 per cent in
the field and 5 per cent in storage. In 1925 the average loss, includ-
ing losses in the field and in storage, for all the States reporting was
about 17.2 per cent, being equivalent to approximately $11,000,000 at
the average price of $1 a bushel.

The fact must not be overlooked, however that the losses do not
end with those obtaining in the hotbed, in the field, and in storage.
Sweet potatoes must frequently be shipped long distances, and the
losses in transportation as well as on the wholesale and retail markets,
are sometimes very large. The reports of the market inspectors at
some of the large shipping points, such as New York, Philadelphia,
and Pittsburgh, frequently show losses in the cars ranging from a
trace to 95 per cent. A careful examination of a number of reports
shows that 15 to 25 per cent of the sweet potatoes that are inspected
at the markets have decayed in the cars. Further losses may occur
before the potatoes are consumed. In view of the losses that occur
in the field, in storage, in transportation, and on the market, it is
probable that not more than 60 per cent of the crop is actually con-
sumed, the remaining 40 per cent being a total loss.

This monograph 1s prepared for the purpose of summarizing all
the known available data on sweet-potato diseases. Much of the
data submitted and many of the conclusions drawn are the results
of work by the writers devoted almost exclusively to the diseases
of this crop for a period of 16 years. The writers have also made
liberal use of the investigations of other workers and have attempted
to use their results impartially. This work is intended to give, as
far as ?ossible, an exhaustive survey of the sweet-potato diseases
in the United States and in foreign countries,

A work of this kind, to be useful, must be so subdivided that cor-
related material can be brought under the same heading. The
writers, with this thought in mind, have attempted to treat the subject
of each disease under three heads: (1) An exhaustive survey, in so
far as facts are available, covering the history of the disease, its
geographical distribution, its economic importance, and its symptoms;
(2) a discnssion of the identity, pathogenicity, morphology, life
history, and dissemination of the causal organism; and (3) the con-
trol of the disease.

DISEASES CAUSED BY FUNGI
MAJOR FIELD DISEASES
STEM ROT OR WILT

HisTORY

Stem rot, caused by Fusarium batatatis Wr.and F. hyperoxysporum
Wr. and described by Halsted (61), seems to be the first common
name given to this disease and the one by which many farmers know
it at the present time. Since the name “stem rot’ has become so
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well established in the literature, it will be retained by the writers,
although they realize that “ wilt” would be more appropriate, for
the reason that diseases of other crops caused by other species of
Fusarium are generally referred to as wilt. Stem rot is sometimes
called blue stemn, cholera, yellow blight, wilt, and split stem.

Althongh it is of interest and frequently of some eeonomie im-
portance to know the place of origin of a disease, it is doubtful
whether this information can be given definitely for any partieular
discase. The stem 1ot of sweet potatoes is believed to be indigenous
to the United States. Reports indicate that the disease occurs in
Japan (99), but this is the only eountry ontside of the United States
wliere it is known to be present. A considerable quantity of patho-
logical material of sweet potatoes has becn examined from tropical
Amecrica and other foreign countries, but neither of the organisms
causing stem rot has been isolated. It was espeeially searched for in
Cuba, but it was not found there.

In regions where stem rot occurs no other hosts have been found
for it under natural conditions. A number of plants other than the
sweet potato, both eultivated and wild, among them several species
of Ipomoea, have been artificially inoculated, but the discase was
produced only in /pomoea hederacea (80), a wild morning-glory.
Other species of Ipomoea commonly found in sweet-potato fields and
the cultivated plants generally grown with sweet potatoes or in
rotation with them were tested for susceptibility to stem rot. It is
therefore believed that the stemn-rot organism has no other natural
hosts with whicli it could have been introdueed into this country.

The sweet potato is supposed to be of tropical American origin,
but thie stemn rot has been found neither on plants there nor on mate-
rial obtained from that source. Furthermore, many of the varieties
of sweet potatoes grown in the southern part of the United States,
with a few exceptions, are only slightly snsceptible, ecven when sub-
jected to artificial infection. On the other hand, the varieties most
suseeptible to the disease, with one or two exceptions, are those
grown in the nortliern range of the sweet-potato belt. such as Yellow
Jersey, Big-Stemn Jersey, and Red Jersey. Whether or not the disease
originated in these varieties will always remain a matter of specu-
lation. The disease is certainly worse in the varieties that arc re-
stricted largely to the northern territory and in the Nancy Hall and
Porto Rico varietics, which are grown more or less thronghout all
the Southern States. If it is suspected that the origin is along the
North Atlantic seaboard, its appearance in the Southern States,
wliere it is less destructive, could be explained by the shipment of
the northern varieties to the South for trial or cultivation.

The titne of the first appearance of stemn rot is as indefinite as the
place of its origin. The first account of the disease, so far as the
writers know, was publishied by Halsted (67) in 1890. In 1892 he
(62) again discussed the disease as “eggplant stem rot” and con-
cluded that the stem rot of eggplant and sweet potato was caused
by the same fungus, Nectria ipomoeae Hals. In 1895 he (6}) at-
tributed the ring rot of sweet potatoes to this same organism. Al-
though these reports constitute the first published account of stem rot
so far as the writers have learned from the literature, there are good
reasons to believe that the disease was known in New Jerscy long
before 1890.
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For 10 to 12 years after Halsted published a description of the
various sweet-potato diseases, little or no mention was made of their
occurrence. In 1904 and again in 1911 (763) a rot of sweet po-
tatoes, due to a Fusarium, was reported as common and destructive
in Merced County, Calif. In 1905 and in subsequent reports Stevens
(165) mentions a destructive wilt disease of sweet potatoes occur-
ring in North Carolina and gave in one of his reports a brief de-
seription of the cliaracteristic symptoms. Stevens suspected that
the disease was caused by a species of Fusarium, which he isolated
from some pathological material. Almost simultaneously, reports
from other States indicated that stem rot occurred in them, but in
most of the reports Nectria ipomoecae was suggested as the probable
causc. Townsend (190), and later Wilcox (207), discussed stem
rot of sweet potatoes, accepting Halsted’s determination of the causal
organism. In none of the brief and incomplete reports was mention
made of the length of time the disease had been present. The nature
of several of the rcports made by pathologists throughout the coun-
try indicated that they had in mind the disease that is known at the

resent time as stem rot. It is inferred, however, that they were in
goubt as to the true cause of the trouble, since they mention
Fusariwm sp. and not N. ipomoece. 1In 1913 Harter and Field (78)
published an abstract embodying the results of experiments which
definitely proved that the disease was caused by a Fusarium and not
by N. ipomoeae. Later work (80) by the same investigators demon-
strated that two species of Fusarium may be responsible for the
disease, both of which cause identical pathological symptoms.
Taubenhaus (777) later confirmed the conclusions of Harter and
Field that stem rot was not caused by XN. ipomoecae but by a
Fusarium,

GEOGRAPHICAL DISTRIBUTION AND ECONOMIC IMPORTANCE

Stem rot, so far as the writers are aware, occurs only in the United
States and possibly in Japan (99), where it is described as being due
to Nectria ipomoeae. The many reports of its occurrence and the
numerous collections made by the writers show that it is very widely
and generally distributed throughout the United States. The dis-
ease has been known in New Jersey since 1890. It was reported by
Selby in Ohio in 1903, 1906, 1907, 1909, and 1911. R. E. Smith and
S. S. Rogers reported stem rot from California in 1904 and 1910,
respectively. J. T. Barrett reported it from Illinois in 1907 and
H. W. Barre from Soutli Carolina in 1908. In North Carolina it
was reported by IF. L. Stevens in 1905 and 1910, and in Maryland
by J. B. 8. Norton in 1910. Mel. T. Cook reported stem rot in Dela-
ware in 1911 and 1912 and in subsequent reports. Some of the fore-
going data were obtained from the unpublished reports made by the
collaborators of the Office of Vegetable and Forage Diseases of the
United States Department of Agriculture. It is believed that in
most if not all cases the reports were made of the same disease that
is known as stem rot at the present time, although ¥. ipomoeae was
mentioned in some of them as the cause.

_In 1914 Harter and Field (80) published the results of an exten-
sive study of the stem-rot fungus from material collected in Mary-
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land, Virginia, Delaware, and New Jersey, and also from material
sent from Alabama. In 1915 the known distribution (71) was ex-
tended by colleetions in Ohio, Illinois, Missouri, Towa, Kansas, Okla-
homa, Arkansas, North Carolina, Georgia, and Mississippi, and later
in Texas and Florida (75). S. H. Essary advised the writers orally
of its eomnion oeeurrence mn Tennessee, and C. W. Edgerton reported
it as prevalent in Louisiana in 1918. In 1917 and again in 1923 stem
rot was found to be very prevalent in Orange, Los Angeles, Mereed,
and Stanislaus Counties, Calif. Typical symptoms of the discase
were produced by inoeulation experiments from eultures made from
the material. The causal organism was studied both eulturally and
morphologically and identified as Fusarium hyperoxysporum Wr.
In 1926 stem-rot speciniens were colleeted at Kennewiek, Wash., in
the Jersecy and Nancy 1all varieties, and at Greeley, Colo., thus
extending the range of distribution considerably farther north, The
discase apparently was introduced by seed potatoes from some of the
States farther south.

The loss from stem rot can not be estimated except within wide
limits. New infections occur during the entire growing period, so
that the yield of many plants that are not killed 1s greatly reduced.
Preliminary estimates made by the plant disease survey * places the
loss in 1917 at 1.5 per cent for the entire eountry, or about 1,890,000
bushels. The losses are much greater in some sections of the country
than in others, being as much as 50 per cent in some fields where
especially susceptible varieties are grown. In other seetions there
are no losses, owing to the fact that only nonsusceptible varieties are
grown, or that the discase has not yet been introduced.

The discase is more or less generally distributed and the percentage
of loss is greatest in New Jersey, Delaware, Maryland, Ohio, Illinos,
Towa, Kansas, and California. In some other States, however, the
disease is somewhat restricted to localized areas where the losses in
some instances are quite high. In New Jersey and some other States
a reduction of 50 per cent 1n yield is not nncommon, and 95 per cent
of the plants are occasionally diseased. In Ohio and Illinois, where
the industry is restricted to a relatively small district, the losses from
stemn rot vary from 5 to 40 per eent. In Towa and Kansas losses as
high as 60 per eent have been noted. The industry in all of these
States just mentioned is confined to isolated sections where the crop
has been grown extensively for a number of years and to a variety
especially susceptible to the discase.

It is nnportant to note in this connection that in these districts
much of the soil is so light and sandy as alinost to preclude its use for
the cultivation of other crops. Tt is in just such soils and not the
heavy and more fertile ones that stem rot 1s most destructive,

SYMPrTOMS
In the seed bed advanced stages of stem rot are casily detected

after one has become familiar with the disease. The foliage is duller
in color, yellowed between the veins, and somewhat puckered. (Pl 1,

¢ UNITED STATES DEPARTMENF OF AGRICULTURE, BURFAU OF PLANT INDUSTRY. ESTIMATE
OF CROP LOSSES DUE TO PLANT DISEASES, 1917. U. 8. Dept. Agr., Bur, Plant Indus, Plant
Disease Survey Bul. 2:14. 1918. [Mlmeographed.]
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B.) Tt is not uncommon to see a cluster of plants in the bed show-
ing the characteristic symptoms of the disease. Stem rot in the seed
bed usually can be detected in the white part of the stem below the
surface of the soil by a faint purplish tint that is cast by the black-
ened fibrovascular bundles through the epidermis. The diseased
fibrovascular bundles can be seen still better by breaking open the
cortex.

Advanced stages of stem rot are usually detected in the seed bed
and the affected plants discarded. Nevertheless, slight infections may
be overlooked when the plants are set out. Such plants soon develop
the disease and die early or produce only a few small potatoes. Field
infections also take place throughout the growing season, and some of
the infected plants may live throughout the summer and produce a
normal crop.

The disease symptoms of the leaves of infected plants in the field
and in the seed bed are very similar. The youngest leaves generally
show signs of the diseasc first, but usually remain attached till the
plant dies. (Pl 1, B.) On the other hand, the oldest leaves drop
off soon after the fungus enters the petioles. When a young plant
is attacked, a number of short stems may develop at the center of
the hill, producing a rosetted appcarance. The internodes of the
stem and the petioles of the leaves are sometimes shortened, and the
former may be considerably thickened. This condition alone, in the
absence of other characteristic symptoms, is sufficient to arouse sus-
picion of the presence of stem rot. The fibrovascular bundles of the
diseased vines may be discolored as far as 3 to 8 feet from the roots.
In the later stages the cortex ruptures, the blackened tissue becomes
exposed, and typical spores of the fungus are produccd thereon. The
vines may die after forming a few small potatoes. These potatoes
often produce sprouts an inch or more in length, which in turn are
killed by the invasion of the fungus. The causal organism grows
downward from the stem, producing a black discoloration of the
fibrovascular bundles of the roots, (Pl 2.)

There are no external symptoms that will reveal with certainty
the presence of the stem-rot fungus in the stored potatoes. The
blackening of the fibrovaseular ring in stored potatoes, visible only
when the potatoes are cut, is no guaranty of the presence of the stem-
rot organism, since the fibrovascular bundles of healthy stored sweet
potatoes are frequently darkened. Also, if the vines are frosted in
the field or the potatoes badly chilled before they are dug, the fibro-
vascular bundles may turn dark. Frequently, however, small sprouts
one-half ineh or more in length grow out from stem-rot infected
roots in the fall before they are dug. These sprouts come mostly
from the stem end and often form in a little cluster at one or two
points on the potato. These sprouts sometimes persist throughont
the storage period. Tt is possible in such cascs to pick out stem-rot
roots in storage by these external symptoms,

CAUSAL ORGANISMS

Halsted (62) was the first to attribute stem rot to a fungus. There
is no evidence, however, that he proved by inoculation experiments
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that Nectria ipomoeae was the true cause of the disease. Te was
probably led to such a conclusion by the fact that &. ipomoeae was
frequently found on the decayed portion of stem-rot plants, and for
similar reasons he probably concluded a few years later that the ring
rot was caused Dy the same organism (64).

In 1911 Harter and Field began a study of stem rot and isolated
two species of Fusarium, F. batatatis and F. hyperoxysporum, with
which they produced the disease (80). On the other hand, numerous
attempts to infect sweet-potato plants with Nectria épomoeae from
pure cultures failed. It was thought at first that one of these two
species of Kusarium might be the conidial form of N. ¢pomoeae.
Halsted showed that it was easy to derive the ascigerous stage of this
fungus from the conidia and the conidia from ascospores in pure

Fig. 2.—Conldla of Fusarium F1g. 8.—Conidia of Fusarium hyper-
balatatis, showlng range of orysporum, showing range of slze
size and number of septatlons. and number of septatious and an
X 1,200 intercalary chlamydospore., X 1,200

culture. The writers have obtained similar results, thus confirming
Halsted’s findings. However, hundreds of cultures of the two species
of Fusarium causing stein rot have been grown, and in no case has
anything suggesting perithecia ever been produced. The morpho-
logical difference between the conidia of 5\7 ipomoeae on the one
hand and F. batatatis and F. hyperoxzysporum on the other also shows
that neither one of the latter two is the conidial stage of N. épomoeae.
The conidia of F. batatatis (fig. 2) and F. hyperozysporum (fig. 3)
are mostly three septate, rarely four septate, while those of N.
ipomoeae (figs. 4 and 5) are mostly five septate besides being much
larger and different in shape. These fungi also differ in their cul-
tural characteristics, Other diagnostic characters have been pointed
out by Wollenweber (210) in a technical description of the two
species,
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PATIHOGENICITY

That a species of Fusarium and not Nectria ipomoeae s the cause
of sten1 rot was first published in 1913 by Harter and Field (78).

Their initial inoculation experiments were
made in 1912 and had for their object the
verification of IHalsted’s results. When it
was discovered that N. ipomoeae did not
cause stem rot, inoculations were made
with various species of Fusarium isolated
from the fibrovascular bundles of sweet-
potato roots and stems. One of these,
namely, F. batatatis, which was one of the
first species isolated, produced the disease.
A few months later another species of
Fusarium was isolated and its pathogen-
icity proved. This differed so materially
in cultural characteristics from F. batatates
(fig. 2) that it was soon suspected of being
a different species and
was later identified as 7.
hyperoxysporum (fig. 3).

The 1nitial inocula-
tions with Fusarium ba-
tatatis and F. hyperoxy-
sporum, as well as with
Nectria ipomoeae, were
made with sweet potatoes
growing in the green-
house in pots of soil that

. one hour at 15 pounds’ {25,
pressure. DBoth the for-

I'1g. 4.—Conidia of Nectrie
had been steamed fOI‘ ipomoeae, showing range of
size and number of septa-

X 1,200

mer two species produced typical symptoms of stem
rot, while the latter did not. Some of the plants
inoculated with N. ¢pomoeae died in a manner
somewhat resembling “damping off,” but the
fungus penetrated the fibrovascular bundles only
about one-half inch from the wound and did not
produce any of the symptoms of stem rot. All
these preliminary experiments were made during
the winter months or early in the spring when the
temperature of the greenhouse was not ideal for the
growth of sweet potatoes. Similar experiments

Fig. 5.—An ascus of were repeated later in the greenhouse and in the

Nectria ipomoeae.

31200, field with a considerable number of plants when the

temperature was higher.

The organisms recovered from previously inoculated plants of both
the parasitic species were inoculated into healthy plants, and the
disease was again produced. In the field 200 inoculations were made
with Fusarium batatatis, and 61.5 per cent of the plants became in-
fected. At the same time 99 and 100 plants, respectively, were
inoculated with 7. kyperoxysporum and N.ipomoeae. Of the former

92 per cent but none of the latter became infected.
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Other fungi, as, for example, Gibberella saubinetii (Mont.) Sacc.,
Fusarium ozysporwm Schlecht. (several different isolations), Z.
caudatum Wr., I, radicicola Wr., and F. orthoceras Ap. and Wr.,
were isolated from rotted portions of the roots and stems, none of
which, when inoculated into plants growing in the greenhouse and
in the field, produced any symptoms of stem rot.

All of the inoculations in the above-mentioned experiments were
made by inserting hyphae and spores into wounds made in the plants
at the surface of the soil, a method that will doubtless give a higher
percentage of infection than any other. Experiments more nearly
approximating field conditions were performed by mixing pure cul-
tures of /7, batatatis and I, hyperoxysporum into soil previously
steamed for one Lour at 15 pounds’ pressure and setting the plants
in it. Plants set in naturally infested soil have become infected (93),
showing that it Is not necessary to insert spores or hyphae into
wounds in order to obtain infection, the percentage of infection,
Liowever, being 1nuch lower than when the plants were wounded.
It must not be forgotten that every sweet-potato plant is wounded
when pnlled from the mother potato, and it is likely that it is through
sieh or similar wounds that most infection takes place under natural
conditions, althongh the hyphae imay penetrate the root hairs or
epidermal cells directly.

From tlie point of inoculation the fungns grows down into the
roots and out into the vines. The fungus has been inoculated into
the vine at the axis of the fourth leaf, about 1 foot from the base
of the plant, and infection resulted. Vines have also been found in
the field naturally infected at some distance from the hill, usually at
the node. From this point it grew in both directions, invading the
roots and other vines of the same plant.

As might be expected, young plants are more susceptible to the
disease and nsnally succumb. No real difliculty has been experienced
i infecting half-grown plants, although they are apt to survive and
produce a partial or full crop of potatoes.

The parasitism of the two stem-rot organisms is thought to be
restricted to the sweet potato with one exception to be pointed out
later. This question can not be definitely settled, however, since it
is impossible to subject all or any great number of species of plants
to infection. Plants which it was thought might be naturally sus-
ceptible to infection by these fungi were sought for among those
closely related botanically to the sweet potato or among those gen-
erally grown in rotation with sweet potatoes. The susceptibility of
several species of Ipomoca commonly found in sweet-potato fields
and conseqnently subject to natural infection were tested by inserting
spores and hyphae into wonnds at the lower part of the vine of young
plants.  The following plants were inoculated: Ipomoea purpurea
Lam., I. hederacea Jacq., I. coccinea Lu., and I. lacunosa L. Ipomoea
hederacea alone became infected when inoculated with both Fusarium
hyperoxysporum and F. batatatis, 'These species of morning-glory
have frequently been examined in sweet-potato fields where stem rot
was common, but in no case have any infected plants been found,
from which it is concluded that they are not susceptible to the disease
under natural conditions.

The following cultivated crops frequently grown in rotation with
sweet potatoes have been inoculated with one or the other of the
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stem-rot organisms: Solanum. melongena L., Capsicum annuum L.,
Trifolium pratense Li., S. tuberosum L., and Lycopersicon esculentum
Mill. These experiments were conducted with plants grown in pots
in sterilized soil in the greenhouse during the summer months when
the temperature was best suited for infection. None of the plants
showed the slightest indication of stem rot, although there was in
most cases a blackening of the fibrovascular bundles for a centimeter
or so about the wound, from which the fungus could be recovered.
These and other inoculation experiments have demonstrated that
certain organisms may penetrate the fibrovascular bundles a short
distance and cause the formation of mecrotic tissue in the vicinity
of the wound from which the organism may be recovered without
producing symptoms of the disease.

In some sections of Maryland where sweet potatoes and tomatoes
are grown on a commercial scale both the stem-rot and wilt occur.
The theory is frequently advanced that the wilt of tomatoes is more
prevalent when tomatoes follow sweet potatoes in the rotation. This
suggested the possibility that the two diseases were caused by the
same fungus, although this seemed unlikely in view of the charac-
teristic morphological differences between Fusarium lycopersici Sace.
on the one hand and F. Ayperoxysporum and F. batatatis on the
other. Cross-inoculations were made, using cultures of the organ-
isms isolated from sweet potatoes and tomatoes, each fungus having
been previously proved to be parasitic on its respective host. The
results of these investigations (85) showed that the organisms were
pathogenic to the hosts from which they were isolated, but that the
sweet-potato fungus was not pathogenic to tomatoes, and vice versa.
These experiments were carried out during two summers with the
same result.

In 1917, sweet-potato plants affected with stem rot were collected in
Orange, Stanislaus, and Merced Counties, Calif., and Fusarium hyper-
oxysporum was isolated from them. This organism was found to
be identical with the same species isolated from material in the
Eastern, Southern, and Southwestern States. During the summer
a number of sweet-potato plants growing on the Potomac Flats,
near Washington, D. C., were inoculated with this strain, and the
disease was produced in 100 per cent of the plants.

Both Fuserium batatatis and F. hyperoxysporum are widely dis-
tributed. although the latter species alone was isolated from Califor-
nia material. The two species, however, have been isolated from
plants grown in many other parts of the country. F. hyperoxysporum
is the more common of the two, it being obtained in 75 per cent or
more of the isolations.

That Fusarium hyperoxysporwm is more often isolated than 7.
batatetis may not seem so surprising when it is recalled that it is the
more vigorous parasite of the two. A résumé of the expcriments
shows that infections were obtained in 75 to 100 per cent of the inocu-
lations with the former species and on an average very much less
frequently with the latter, although in a few cases a high percentage
of infection was obtained with F. batatatis. Under field conditions
the difference is very striking. F. hyperoxysporum evidently has the
ability to infect to a degree not possessed by F. batatatis. Experi-
ments have demonstrated that the percentage of infection by both
species is influenced by the age of the plants.
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The influence of temperature on infeetion and on the development
of a discase is a subjeet of eonsiderable importanece but one on wlieh
no large amount of work has been done. It is well known that some
fungi, like Phytophthora infestans (Mont.) De Bary, require cool
weather for infeetion. On the other hand, some organisms require
a comparatively high temperature. Gilman (57) has shown that
a relatively high temperature is required for the infeetion of cabbage
by Fusarium conglutinans Wr., and Tisdale (789) has shown the
same for the infection of flax by . lind Bolley. Other investigators
hiave shown that optimwn temperature for infection varies with
the organism. As regards the two speeies of Fnsarium parasitic
to sweet potatoes, all the evidence seems to indieate that relatively
Iiigh temperatures eontribute to infection of the host and develop-
ment of the discase thereafter. The pereentage of infection from
inoculations in the greenhouse during the winter months was gen-
crally low. The temperatures were relatively low for the greater
part of the time, usually not exceeding 75° to 80° F. during the
warmest part of the day. On the other hand, when the experiments
were eonducted during the summer months when the temperature
was ligh but otherwise under similar eonditions, the percentage
of infeetions was high, and the symptoms produced on the host were
typical of those found under ﬁel(% conditions. It has frequently been
observed by the writers and often noted by farmers that stem rot is
not conspienons in the field until the advent of warm weather.
The information obtained with respect to the temperature require-
ments of these organisins soon tanght the writers to wait for warm
weather before condueting experiments either in the greenhouse
or in the field. Irom the data published and observations made it
would not be surprising if species of I'usarium, as a group, shonld
be found to require high temperatures for normal infection and sub-
sequent development. It was also shown, experimentally, that soil
t(vmperature and soil humidity play an important réle in infection

93).

The optimun temperature for infection was found to be about 30°
C., the maximum 35°, and the minimum as low as the plant will grow,
Infection ocenrred over a wide range of soil moisture. Plants in soil
so dry as barely to support plant growth beeame infeeted. At 28 and
5 per cent of the water-holding eapacity of the soil, 94 and 100 per
cent, respectively, of the plants beeame diseased.

The results of some experiments dealing with the loss of parasitism
of the stem-rot fungus in the absence of its host may appropriately
be recorded liere.  Fusarium hyperoxysporum, the species employed in
numny suceessful inocunlation experiments, was first isolated June 20,
1912, During the same year 100 plants growing in the field were
inoculated, and 92 per cent became infected. This organism was kept
in cultnre, and inoculations were made with it each year for a period
of five years. Before being used for inoculations it was rejuvenated
as much as possible by being grown under the best known cultural
conditions. In 1913 a number of plants were inoculated and a high
percentage of infeetions obtained, the fungus apparently having lost
none of 1ts ability to infect. In 1914 it was less virile, only about 50
per cent of the inoeulated plants beeoming infected. In 1915 only a
very small percentage of infeetion was obtained, and the symptoms
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produced in some of the plants could hardly be classed as typical of
stem rot. In 1916 none 0? the inoculated plants showed the slightest
symptoms of the disease. Here séems to be a casc where an organism
known to be very actively parasitic in the beginning and carried in
culture by the method best known to the writers had actually lost the
ability to infect its original host. These results might be interpreted
to mcan that the benefit derived from crop rotation is not through
the dying out of the causal organism, but rather to its loss of parasit-
ism 1n the absence of its normal host. In view of the fact that many
fungi can be grown indefinitely in culture as saprophytes, there is no
reason to doubt that they might grow saprophytically for many years
in cultivated fields. Sherbakoff (758) and Link (773) also suggested
the possibility that specics of Fusarium may lose their virulence when
grown in culture media. On the other hand, Bisby (16) found that
F. oxysporum after having grown in culture for three years still had
the power to infect potato stems and to rot the tubers. Edson and
Shapovalov (45) found that age did not lessen the pathogenicity of
the species of Fusarium studied by them, while Burkholder (19), on
the other hand, found that, in a period of five years, F. martii phaseoli
Burk. had changed morphologically and physiologically and in its
ability to infect the host.
MORPHOLOGY

While Fusarium batatatis and F. hyperoxysporum cause identical
pathological symptoms, they differ morphologically. The conidia of
. batatatis (fig. 2) and F. hyperoxysporum (fig. 3) are from 11 to
13 and 8 to 9 times longer than broad, respectively. The apical cell
of the former is slender, but that of the latter is bottle shaped. The
basal cell of F. hyperoxysporum is pronouncedly more pedicellate
than that of 7. bafatatis.” The one-cclled conidia predominate in the
latter species, though they are gencrally intermixed with dorsiventral
conidia having three or more septations. Normally Z. bafatatis does
not have a pionnotes stage, while a perfect pionnotes is the rule for
F. hyperoxysporum after one or two transfers on sweet-potato stems
or cooked Irish-potato cylinders. F. bafatotis may be induced to
develop a perfect pionnotes by repeatedly isolating and transferring
sickle-shaped spores, the tendency, however, being to return to the
production of the onc-celled spores, which give a typical powdery
appcarance to the surface of steamed potato cylinders. On sterile
sweet-potato stems F. hyperoxysporum produces a pionnotes con-
sisting of a slimy mass of dorsiventral spores and a minimum of
hyphae. F. batatatis, on the other hand, does not produce a pion-
notes under similar conditions, but forms a cottony growth of hyphae
that produces mostly one-celled conidia. Both species form blue
selerotial bodies in culture on steamed sweet-potato cylinders, those
of F. batatatis being small and numerous and those of F. hyperoxy-
sporum being fewer and larger.

Fusariwm hyperoxysporum and F. batatatis differ in the size and
shape of their spores (figs. 2 and 3), which in the absence of other
diagnostic characters are sufficient to differentiate these two species.
The spore measurements are as follows:

Tusarium batatatis—Unicellular conidia, 5 to 12 by 2 to 3.5 u; three septate,
25 to 45 by 2.75 to 4 u; four to five septate, 37 to 50 by 3 to 4 x. Brown chlamy-
dospores varying from 7 to 10 u.
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Fusarium hyperoxysporum.—Unicellular conidia, 6 to 12 by 2 to 3.5 u;
three septate, rarely four and five septate, conidia from sporodochia, 25 to 42
by 8.25 to 4.75 #. Brown chiamydospores varying from 7 to 10 g in diameter.

Other differential characters may be found in an article by Wollen-
weber (210), in which is contained a discussion of the morphological
and other differenees between these two species, as well as between
F. hyperoxysporum and F. oxysporum.

Several species of Fusarium, most of which are vascular parasites
belonging to the same general group and possessing many characteris-
tics in common, might be confused with 7. hyperoxysporuwm. So far
as known, none of them are parasites of the sweet potato. There is
then a biological difference, which assists in the separation of these
closely related species. The species with which F. hyperozysporum
might be confused are F. vasinfectum Atk., the eause of cotton wilt;
F. tracheiphilum (E. F. S.) Wr., the cause of a wilt of a species of
Vigna; Fp lycopersici Sacc., the cause of the tomato wilt; F. névale
(Friess Sor., the supposed cause of a wilt of a species of Citrullus;
and F. oxzysporum, the cause of a wilt of Irish potatoes. Perhaps in
most cases a Fusarium isolated from the fibrovascular bundles of the
stems or roots of these plants would be tentatively assumed to be the
species causing a wilt of that particular crop. guch identifications
are not always reliable for permanent records, since cultural and
morpliological differences must be sought. Such differences between
the species mentioned above have been pointed out by Carpenter (22).

LIFE HISTORY

‘The life history of Fuserium batatatis and F. hyperovysporwm is
the same. The conidial stage is the only one known. Chlamydo-
spores are developed in the hyphae and frequently in the conidia
themselves. These thick-walled dark bodies serve conveniently to
carry the fungus through unfavorable weather conditions. However,
witlt a crop cultivated and handled like the sweet potato such spores
are not necessary to the continued existence of the parasite. The
stem-rot organisms have been isolated repeatedly from the fibro-
vascular bundles of stored potatoes at various times throughout the
winter. Chlamydospores have never been found in the fibrovascular
bundles, and conidia only rarely, and in view of this fact there is
reason to believe that the fungus lives over winter in stored potatoes
in the mycelial form.

Field experiments have demonstrated that these organisms live over
winter in the soil, but in just what form is not known. Conidia are
frequently produced in the field on vines kilted by the fungus, and
it is probable that chlamydospores are formed also on such vines.
Both species have been kept in culture for a year or more and readil
revived from the spores. They, therefore, like many other fung,
possess considerable power of resistance to drying.

There are two possible sources of infection—(1) the seed bed and
(2) the field. If diseased potatoes are used for seed the fungus
frequently, though not always, grows from the fibrovascular bundles
(pl. 1, A, and fig. 6) of the potato into the slips in which it is carried
into the field. Field infections are common. The roots of every
ptant are wounded when pulled from the mother potato, so that all
plants are subject to infection and a considerable percentage of them
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STEM RoT (FUSARIUM HYPEROXYSPORUM AND F. BATATATIS).—I

A.—Sweet potato taken from a hotbed and sectioned so as to show the blackened fibro-
vascular ring and its connection with the sprouts. The fungus has grown from the
wtatointo the sprouts. B.—A characteristicstem-rot plantin the field. Notethedead
llea\-es lying on the ground, also the yellowed or copper-colored apical leaves on the vines
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- _ :

STEM ROT (FUSARIUM HYPEROXYSPORUM AND F. BATATATIS).—I1

A plant obtained from the field rather tate in the season and cut open in such a way as to show
Dlackened fibrovaseular hundles extending from the stem into the roots.  The fungus will grow
from the stem into the roots in the field and from the potatvesinto the sproutsin the seed bed



STUDY OF SWEET-POTATO DISEASES AND THEIR CONTROL 17

actually become infected when planted in infested soil. As high as
60 per cent of perfectly healthy plants have become diseased when
grown in soil where the stem-rot fungi were present.

The earliest infections of the season take place either in the seed
bed or in the field soon after the plants are set out. The first symp-
toms, depending somewhat on weather conditions, may appear in
about two weeks after planting. Throughout the growing season
other plants become diseased, although often at digging time a good
crop of potatoes may be harvested, which suggests that infection took
place too late in the season to affect materially the productivity of
the plant,

1@, 6.—Cross section of sweet-potato stem, showing mycclium of Fusarium batataiis
in the fibrovascular bundle. X 500

PISSEMINATION

The distribution of stem rot, as well as other diseases of the sweet
potato, is brought about by the usual channels of trade, in which case
the potatoes and young plants are the principal agencies. The dis-
semination of the stem-rot (or wilt) fungi may appropriately be
considered from the standpoint (1) of their distribution over long
distances and (2) their distribution over short distances, or from one
field or farm to another in the same community.

Seed potatoes as a means of dissemination

From information gathered at certain sweet-potato growing cen-
ters, such as may be found in Illinois, Jowa, Kansas, and California,
where stem rot is very prevalent, one is led to conclude that its ap-
pearance there is the result of the shipment of seed potatoes and slips
from the States of New Jersey, Delaware, Maryland, Virginia, and

6176°—20—2
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elsewhere. TImportations of seed potatoes in large quantities have
been made in the past from these States and are still being made to
some extent. It is claimed that the date of the first appearance of
stem rot and other sweet-potato diseases in these eommunities corre-
sponds with the time of the first importation of seed. What almost
constituted an epidemic in North Carolina in 1918 resulted from the
importation of seed potatoes from another State. The farmers of
California have obtained seed potatoes liberally from the East and
claimthat stem rot and other troubles were introdnced with them.

Dissemination by means of plants

If diseased potatoes are used for seed, the pathogen may grow from
them into the slips and with them be earried to the field. The per-
centage of infeeted slips obtained from diseased potatoes, however, is
not as high as might be expeeted. Out of 23 diseased potatoes bedded
in one experiment only 1 produeed diseased slips—20 in all. In an-
other experiment 75 seleeted stem-rot potatoes were bedded. Two
months later 320 plants were pulled, and as far as could be judged
from a maeroscopie examination none had stem rot. JKxamination
23 days later showed that out of 77 plants 14 had stem rot without
question; and 25 days later, of 54 plants examined, 4 had stem rot.
1t is, of course, probable that many more of these plants would have
devetoped the disease if they had been planted and allowed to grow
for a few weeks, although the disease could not be detected maero-
seopieally when the plants were pulled. The shipment of plants has
resulted in as wide a distribution of the several diseases as the ship-
ment of potatoes for seed. The growing of plants for sale has be-
come an established industry in many parts of the eountry. There
are at the present time several growers in New Jersey and elsewhere
in the northern ecoastal plains region (and in the South) who ship
plants over considerable distances. An examination of the beds re-
vealed the faet that stem rot and black rot were both present. When
plants from such beds were examined, a considerable percentage of
them were found to be diseased. The yield from field planting of
sueh plants was also greatly redueed. The growing of plants on a
commereial seale is even mote extensive in Alabama, Florida, Georgia,
and other Southern States. In these States thousands of bushels of
sweet potatoes are bedded and millions of plants shipped to all parts
of the eountry, even as far west as New Mexieco, Arizona, and Cali-
fornia. A careful examination of some of these beds and eonsign-
ments of plants showed that diseased stoek was being shipped.

On the other hand, beds were found almost entirely free of both
stem rot and blaek rot, the absence of the diseases beimng due to the
fact that some growers are familiar with the diseases and the meth-
ods for their eontrol and make practieal applieation of this knowl-
edge. Moreover, others are indifferent and give little attention to
the control or eradication of the diseases and will doubtless continue
to d]c; 50 as long as they are able or are permitted to dispose of their
stoek.

Local distribution

There are a number of eonecivable ways besides the sale or ex-
change of plants and seed sweet potatoes whereby the several sweet-
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potato diseascs may be distributed locally, the methods of distribu-
tion depending to some extent upon the type of soil, contour of the
country, and farm practices.

As many as 25 to 50 per cent of the plants were diseased the first
year in fields where sweet potatoes had never been grown. In an
experiment designed to test the general distribution of the casual or-
ganisms the plants were grown under controlled conditions and were
planted on ground on which sweet potatoes had never been grown;
yet 40 per cent of the plants developed stem rot. The plants used
in the experiment were free from stem rot and black rot, as was
shown by the fact that plants from the same bed planted on non-
infested soil in another part of the country remained entirely free
from the disease. The infestation of the soil in this case may be
accounted for by the carrying of the spores from adjoining fields by
such agencies as the wind and drainage water. In southern New
Jersey and in some otlier States thiere are no fields, new or old, that
can be assumed a priori to be free from these fungi. High winds
prevail in the spring, and clouds of dust are blown about in which
the spores are probably borne. Heavy rainstorms are also frequent,
so that the spores might readily be washed from one field to another.
Irrigation, as practiced in California and some localities in Wash-
ington, New Mexico, and Colorado, where sweet potatoes are a minor
crop, may conceivably be a means of the distribution of stem rot
and other disease-producing fungi. The danger of scattering the
spores of various fungi with farm implements and by farm animals
roanting froin one field to another needs no discussion.

It is the practice among some farmers to feed the decayed or par-
tially rotted sweet potatoes to stock or to throw them on the manure
heap to be hauled later to the field. This practice, while followed
with the best intentions, illustrates one of the many ways these
organisms can be disscminated.

BLACK ROT

IisToRY

Black rot, caused by Ceratostomella fimbriata (E. and H.) ElL
and sometines referred to as black shank or black root, is known by
several common names, the one used depending either upon the local-
ity where it is found or upon the part of the host affected. Black
rot is the nanie generally applied to the disease of the potato, whereas
black shank or black root is often used when referring to decay of
the underground part of the stem. The common names used have
been established by farmners, who used them to designate the injury
to the various parts of the aflected plant, not knowing that they had
4 Comnon cause,

In 1890 Halsted (67) published a very clear and accurate deserip-
tion of the disease and of the fungus causing it. One year later
(1891) Halsted and Fairchild (67) published the results of a thor-
ough and careful investigation of the black-rot organism, and little
has been added to our knowledge of the disease or its cause since
then. They mentioned the presence of sclerotia, which were sus-
pected of being a fourth type of reproductive body, but which later
were shown by Taubenhaus (776) not to be in any way connected
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with Ceratostomella fimbriata but to be a species of Sclerotium. Tt is
evident from a reading of their paper, however, that they entertained
sonte doubt as to the conncetion of the sclerotial bodies so frequently
found associated with the black-rot organism. Halsted (66) and
Galloway (56) later published short accounts of the discase and
recommended 1wethods for its control, ) )

Contemporaneously with Halsted, Chester (26) carried on experi-
ments looking toward the control of the disease. For 20 years or
more after Halsted wrote on this disease very little stu%y was made
of it, although reference was made to black rot by Carver (25),
Townsend (790), Wilcox (207), Duggar (42), and others. The
senior writer later worked out effective measures for its control (70).

The time and place of the origin of this disease can not be estab-
lished with any degree of accuracy. Old residents in New Jersey
claim to have knowledge of the disease as early as 1868, at which time
it was said to be well established and destructive. The writers have
shown other species of Ipomoea to be susceptible to artificial infec-
tion, but in no case have any of the species been found infected under
natural conditions. Species of Ceratostomella are found on other
hosts, and it may be that some of them are identical with the species
occurring on the sweet potato. If such were the case, a careful study
of the facts might lead to a probable answering of the question of
origin. Black rot, while reported from foreign countries, is cer-
tainly much more destructive and prevalent in the United States
than elsewhere, and in view of this fact alone it might be suspected
of having its origin here. Such, however, need not necessarily be
the case. Sweet potatoes are thought to be native to tropical Amer-
1ca, and the disease may have occurrcd there long before it reached
the United States. When brought to a new environment, like aspar-
agus rust when introduced into the United States, it might quickly
have become a disease of great destructiveness.

GEOGRAPHICAL DISTRIBUTION AND EcoNouMic IMPORTANCE

Halsted and Chester reported black rot from New Jersey and
Delaware, respectively, in 1890. In 1892 and 1894 McCarthy (715)
and Burnette (20) reported the occurrence of black rot in North
Carolina and in Louisiana, respectively. In 1895 Price (739) called
attention to the destructiveness of black rot in Texas, and Townsend
(Z90) reported it as serious in Maryland in 1899. Barre (72) in
1910 mentioned the occurrence of black rot in South Carolina and
stated that he was at that time carrying on experiments looking
toward the control of this and other storage troubles. In 1903
the disease was reported from Ohio and California and again from
Ohio in 1907, and from Indiana, New Jersey, and Tennessce the same
year. Burger (78) collected black rot in Florida in 1923, and in
recent years its occurrence lias been reported from various other
Elnces i the United States. For a number of year the writers

ave been collecting data with respect to the distribution of the
various sweet-potato diseases, some of which have been obtained
by personal visits and some from material sent in for examination
from the following States: Virginia, New Jersey, Georgia, Alabama,
Florida, Delaware, North Carolina, Maryland. Mississippi, Louisi-
ana, Kentucky, Arkansas, Tennessee, Illinois, California, Jowa, Mis-
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souri, Kansas, Texas, South Carolina, Ohio, Indiana, New Mexico, and
Washington. Black rot is probably the most widely distributed of
any of the field diseases of the sweet potato, being probably co-
extensive in the United States with the crop itself.

Black rot has been reported from foreign countries as follows:
From Haiti (60) in 1924 ; from New Zealand, by Kirk (705) in 1907;
from Australia in 1908 (7); from Hawaii in 1926 (194) ; and from
Japan by Ideta (99). In October, 1921, the inspection service of
the Federal Horticultural Board sent the writers a few partially
decayed sweet potatoes obtained from immigrants from the Azores,
which upon examination proved to be infected with a fungus identi-
cal with the one causing black rot in this country. Specimens
of black rot were received through the Federal Horticultural Board
from San Juan, Porto Rico, in July, 1924. Although black rot
has attracted little or no attention in foreign countries, it is not
unlikely that it occurs quite generally throughout the sweet-potato
regions. These, however, are the only authentic evidences of black
rot in any country outside of the United States of which the writers
are aware. ‘

It is not easy to estimate the relative loss to a crop caused by
different fungi. It is believed that greater loss is caused to sweet
potatoes by the black-rot fungus than by any other organism, with
the possible exception of RhAizopus nigricans, which, although it may
cause a little damage in the field under certain conditions, is pri-
marily a storage-rot organism. Black rot is a seed-bed, field, and
storage disease, the combined loss in storage being considerably
greater than that in either the field or the seed bed. Individual
cases are known where most of the potatoes in storage were rendered
worthless by black rot. Other diseases, viz, foot rot, soil rot, and
Texas root rot, cause greater loss in isolated sections of the country,
but they are for the most part restricted in their distribution. Neal
(126) states that black rot is by far the most serions disease of the
sweet potato in Mississippi, and Barker (17) found it causing dam-
age up to 90 per cent of the crop in Haiti. Very little attempt
is made to control it there, largely because it is a local crop grown

in small plots.
SYMPTOMS

In the early stages of black rot the foliage is yellowed and sickly
in appearance, and black cankers (or spots) may develop on the
underground parts of the stem (fpl. 3, A) contiguous to the potato,
caused by the fungus growing from the potato to the stem or at
some point between the surface of the soil and the point of attach-
ment to the potato. In severe cases of infection all of the sprouts
may be killed before they get through the ground. (PL 4, C.) If
infection takes place after the plants have reached a considerable size
there is little external evidence of the disease, the plants being sup-
ported by roots thrown out near the surface of the soil. Farmers
usually attempt to discard all plants showing any evidence of the
disease, but slight infections may be overlooked, and many infected
plants are set in the field. If weather conditions are favorable,
most of the plants live and grow, producing a partial or full crop.
The part of the stem below the surface of the soil may be rotted
away and the plant supported by roots developed from the vines
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above the decayed region. Sueh diseased plants frequently produce
a crop. At digging time lesions vary in size from mere specks to
spots 1 to 2 inches in diameter. (Pl 4, A and B.) )
Black rot produces on the surface of the potato somewhat circular
depressed spots of varying sizes (pl. 5, A and B), depending on the
age of the infection. The surface of the spot is of a grayish black
color, which turns a dark greenish black when moistened. The
fungus usually penetrates only to the fibrovascular ring, although
occasionally it extends deeper, as shown by the specimen in Plate 3,
B, which was collected in Texas and a pure culture of Ceratostomella
fimbriata isolated from the innermost part of the decayed tissue.

- CAUBAL ORGANISM

Without giving a technical deseription of the black-rot fungus,
Halsted (67) created for it a new genus and species, Ceratocystis
fimbriatum . and H. Later Saccardo (749) technically described
the fungzus and transferred it to the form genus Sphaeronema, using
Halsted’s specific name, so that it later was known as Sphaeronema
fimbriatwn (E. and H.) Sace., the name by which it was known for a
number of years.

Elliott (50), upon examing material embedded in paraflin, dis-
covered that the fruiting bodies previously known as pyenidia were in
reality peritheeia and that the small almost spherical spores that are
emitted from them were ascospores. There were found to be eight
spores in a more or less globose ascns. The ascus wall is very thin
and fragile, the spores being released from the ascus before they
escape from the perithectum through the long fimbriated beak.
Following the discovery of the ascigerous stage of the black-rot
fungus, Klliott (57) made a cytological study of the processes of
fertilization in which he pictured some very curious nuclear phe-
nomena. This organisin differs fron many other Ascomycetes in
that the ascus discharges its spores before it escapes fromn the peri-
thecimmn.  The spores held together by a mucilaginous substance are
emitted in long chains or spore horns through the fimbriated neck
of the perithecium, which appears to be only large enough to allow
a single spore to pass through it at one time.

PATHOGENICITY

Ceratostomella fimbriata, which can be obtained readily in culture,
seemns so obviously a parasite that proof of it hardly appears neces-
sary. Proof that O. fimbriata grows from diseasedypotatoes to the
slips produeed from them has been obtained by bedding black-rot
potatoes in soil previously sterilized by steaming for two hours at a
pressure of 15 pounds. In these experiments the potatoes germinated
in about 10 days, and in approxinately four weeks the fungus had
destroyed or invaded most of the slips. As might be expected, some
of the plants grew to a fair size, but many of the sprouts were killed
before they were through the ground.

The parasitism of the black-rot fungus was further demonstrated
by inoculating previously sterilized soil with a pure culture of C.
fimbriata and bedding therein healthy potatoes disinfected for 10
minutes in a solution of mereuric chloride 1 to 1,000. The potatoes
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erminated normally, and in three weeks the characteristic yellow-
ing of the leaves indicative of black rot occurred. At the end of
four weeks black-rot cankers were present on tle underground por-
tion of the stems, and perithecia had developed in the vounds. At the
end of one more week the fungus had attacked the potatoes and peri-
thecia had been formed on them.

Healthy disinfected sweet potatoes germinated in moist chambers
have been sprayed with the spores when the sprouts were one-half to
1 inch in length, and at the end of 12 days most of the sprouts and
potatoes showed unmistakable evidence of black rot, some of the
sprouts already having been killed.

Unsprouted disinfected potatoes have been subjected to infection
in a moist chamber by spraying with spores suspended in water, and
at the end of 11 days many black-rot spots one-fourth to one-half inch
in diameter were present. Inoculations have been made by wounding
in various ways. When the potatoes were cut with a knife and spores
and liyphae smeared on the wounded surfaces the fungus spread rap-
idly over the entire cut surface if sufficient moisture was supplied.
In one such experiment, after inoculation, thie potatoes were wrapped
in moistened filter paper and then confined in a damp chamber. At
thie end of six days the entire cut surface was covered with hyphae
and perithecia, the fungus having penetrated a short distance into
the unwounded tissue. The growth of the fungus on a cut surface
is greatly retarded by the absence of an adequate supply of moisture.
Similar experiments in which spores and hyphae were inserted
beneath the epidermis gave 100 per cent infection, the lesions attain-
ing a diameter of about 1 inch in four to six weeks. While wound-
ing is not necessary, it contributes to infection (92). It has often
been observed that the fungus rapidly overruns wounds made by
growth cracking in the field or by rodents or other means. When
potatoes in the moist chamber were sprayed with a spore suspension
thie infection generally took place through dead rootlets, and the
fungus later grew into the tissue of the potato. On the other hand,
when the fungus was mixed with sterilized soil in whicli healthy
disinfected potatoes were bedded the sprouts were first attacked. 1t
is possible that such infections were through wounds, but it is believed
that it is not always or necessarily the case. The infection experi-
ments were made with potatoes of all sizes, and no difference in the
degree of susceptibility was found.

The control of this, as well as other diseases, depends in part at
least upon the susceptibility of other hosts. The plants besides sweet
potatoes selected by the writers for inoculation experiments were
those commonly found in the sweet-potato fields and closely related
to it botanically, with one exception, namely, Solanum melongena.
Inoculations were made by inserting spores and hyphae into wounds
of Ipomoea purpurea, I. lacunose, 1. kederacea, I. coccinea, and 1.
bona nox L. growing in sterilized soil in the greenhouse. None of the
species of Ipomoea were resistant, there being 100 per cent infection
in all except /. bona nox, of which only 90 per cent became diseased.
None of the plants of S. melongena showed any symptoms of black
rot. The lesions were in every particular typical of those occurring
on the sweet potato, and peritliecia were produced in great abund-
ance, Taubenhaus and Manns (785) record the occurrence of Cera-
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tostomella fimbriate on I. purpurea and I. pandurata, showing that
other hosts may perpetuate the disease. The surest evidence, however,
that they will do s¢ is the finding of infected plants under natural
or field condititus. The writers have examined manﬁr plants of the
species mentioned above, growing in fields where black rot was abun-
dant, but none have ever been found infected. It is likely that they
may be infected artificially and yet not be economically important as
hosts for the black-rot organisin.

MORPHOLOGY

There is nothing particularly characteristic about the hyphae of the
black-rot organism. They are much branched, septate, and hyaline
at first, becoming brown with age.

Ceratostomelle fimbriate produces two types of conidia: Hyaline
conidia (pl. 6, A), and olive-brown conidia. (PL 6, B.) The former
are produced in chains in great nimbers; both on the host and in cul-
ture. They are easily broken apart by any slight disturbance to the
substratinn on which they grow. They germinate readily (pl. 6, F)
and under favorable conditions produce another crop of conidia in
less than 24 hours. Olive-brown conidia may be produced (pl. 6, I)
in the germination of these conidia. The hyaline conidia are one-
celled, cylindrical; club-shaped to dumb-bell shaped. They are
nsually straight, rarely curved, and angular or rounded at the ends.
They are extremely variable in length, ranging from 9.3 to 50.6 by
2.8 to 52 p (26 mecasurements from an 11-day-old culture on corn
meal). The conidiophores are hyaline and vary from 50 to 100 g in
length and from 4 to 6 p in diameter.

The method of formation of the hyaline conidia has been a subject
of rccent study by Lehman (7/2), who concludes that the first two
spores are formed as endoconidia; that is, instead of the conidia
being abstricted fromn the end of the conidiophore, which is the rule
with many such fungi, the first two are formed with a sheath at
the end of the conidiophore. After the first two endoconidia are pro-
duced the cell wall of the frce end of the conidiophore is dissolved,
and the conidia are pushed out. Many other conidia are produced
within this sheath and are pushed out of the casing by the formation
of conidia behind them, none of the conidia except the first two being
regarded as true endoconidia.

The olive-brown conidia are formed on rather short conidiophores,
either singly or in chains of two to six. They are at first nearly
hyaline and thin walled, but soon turn brown and become thick
walled with age. They vary considerably in shape, some being
spherical, others club-shaped, oval, pear shaped, and ellipsoidal.
(P1. 6, B.) They range in size from 10.3 to 18.9 by 7.6 to 10.3 u
(22 meuasurements from a 3-month-old culture on corn meal). The
brown conidia are produced in much swmaller nunbers than the
hyaline ones and much more abundantly on some kinds of culture
media than on others. These conidia are found buried in the dis-
eased tissues of the roots of swect potatoes nearly to the fibrovascular
rirll)g. They gerniinate (pl. 6, (G) by the production of one germ
tube.

A second type of reproduction consists in the formation of peri-
thecia (pl. 6, D) within which is inclosed a large number of more
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B

BLACK ROT (CERATOSTOMELLA FIMBRIATA).—I|

A.—Two sweet-potato plants pulled from a commercial seed hed, the one at theleft show-
ing that infection had taken place by the growth of the parasite from the potato to the
stemn; the other (right) is from the soil at a point some distance above the potato. 1.—
Cross section through au infected potato, showing the depth to which the organism will
som(ilt,imes penetrate. A pure culture was obtained from the innermost part of the in-
fected tissue
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BLACK ROT (CERATOSTOMELLA FIMBRIATA).— 1|
A —Anartificially infected potato which shows that infection takes place through old dead root
lets or through lenticels or other openings, such as wounds.  B. A potato from tl
diggring time, showing the slightly sinken spot witha somewhat cireular outline, che

of the disease. C.—Infection of young spronts. These are sometimes killed before they
etneryge
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BLACK ROT (CERATOSTOMELLA FIMBRIATA).—111

A.—A sweet potato obtained from a storage house in the early fall, showing four black-rot spots.
B.—The same potato held for two monthsat a temperature of from 10° to 13° C., showing to what
extent the spots have enlarged
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CERATOSTOMELLA FIMBRIATA

A.—Chains of hyaline conidia, X 230, B.—Brown, thick-walled conidin, X 230.  C.—Section of
peritliecimn showing asel and ascospores free in the central cavity, X 160. 1).—Mature peri-
thecium showing fimbriated beak, x E. —Germinating ascospores, X 340, F.—Germinating
hyaline conidin, X 230. . Gerninating brownspore, X 640, 11.—\sc with ascospores, > 640,
1.~ Brown conidium formed in gertuination of a hyaline conidium, X 230
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or less pear-shaped to spherical asci (pl. 6, H), each containing eight
nearly spherical hyaline spores. The perithecia are produced in con-
siderable numbers on the host under natural conditions and in many
kinds of artificial culture media. They are in general flask shaped
(pL. 6, C and D), with a long, cylindrical beak, and range in size
from 105 to 140 p in diameter. The beak is fimbriated at the apex
(pl. 6, D) and varies in length from 350 to 800 p and from 20 to 30
u in diameter (12 measurements from 15-day-old cultures on stems
of Melilotus alba). Tt is usually straight, but is sometimes slightly
bent. The perithecium is composed of a thin, dark outer wall several
cells in thickness and a thinner hyaline inner wall. (Pl 6, C.)
The ascospores are 4.8 to 6.9 p (26 measurements from 11-day-old
cultures on corn meal) in diameter and are produced in great num-
bers. As a result of pressure developed by the absorption of water,
they are forced through the long beak 1n a creamy mass in the
fimbriations at the top. Under the microscope they may be seen
exuding from the beak in a long spore horn or coil. They are held
together in a gelatinous or mucous substance, from which they are
released with considerable difficulty, or only after being immersed in
water for a considcrable length of time. The spores swell in water
and germinatc by the production of a single germ tube. (PL 6, E.)

PATIIOLOGICAL HISTOLOGY

An examination of a number of stained sections cut thiough black-
rot lesions sliows that the invaded cells are so disorganized as to
lose practically all semblance of form. The cells several layers
below the surface are invaded by the hyphae and the olive-brown
conidia formed within them. Thesc conidia are formed more abun-
dantly on the surface on short conidiophores and frequently in
chains. The cclls, evidently dead, are badly ruptured, and the proto-
plasm is abnormal in appearance or, in some cases, entirely want-
ing. "The hyphae ramify in and among the cclls. KExcept in rare
cases, the hyphae of Ceratostomella fimbriata penetratc only a short
distance bélow the surface. One example has already been. men-
tioned and is illustrated by Plate 3, B. Just below the cells that
have been killed by the invasion of the hyphae a cork cambium from
four to six cells 1n depth is laid down. The formation of a cork
cambium beneath wounds made either mechanically or by the in-
vasion of fungi is a rather common phenomenon. Weimer and
Harter (200) found that under suitable environmental conditions
wounded sweet potatoes laid down a cork canibium beneath the
wound, which became evident at the end of two days and quite pro-
nounced in three. They also found that this cork cambium layer
offered some resistance to the decay of sweet potatoes by Rhizopus
tritici, 'Tisdale (188) likewise found that flax attacked by the
fungus Fusaeriwm fini formed a conspicuous cork cambium and ob-
served that the fungous hyphae advanced to but never penetrated it.
This phenomenon suggested to him the possibility of its connection
in some way with the resistance of some of the plants to the wilt.
Weimer and Harter observed also that the starch in the region of
the cork cambium formed beneath artificial wounds almost entirely
disappeared. A similar condition was observed with respect to the
starch in the parenchyma cells on either side of the cork cambium
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just below the tissue invaded by the black-rot organism. Whether
or not the formation of a cork eambium explains why the black-rot
fungus does not usually penetrate the host tissue deeply can not be
answered definitely at this time. It might be assumed, however, that
such was the case and that in those few instances where the fungus
was isolated from the dcep-lying tissue it had either sueceeded in
penetrating the eork cambiun layer or that eonditions were such
that no eork layer had been formed.

LIFE HISTORY

Sweet potatoes afleeted with black rot are generally disearded
when dug. 1t is doubtful, however, if all those bearing visible spots
could be discarded, and, even if they eould, many infeetions too
small to be seen with the unaided eye would find their way into
storage. Under storage conditions tilese spots enlarge, sometimes
involving the entire potato. At the eenter of the spot a cluster of
peritheela is often formed, from whieh ooze great numbers of spores.
These spores are carried about by insects, distributed by the settling
of the sweet potatoes in the bins or by workmen preparing the po-
tatoes for market, and seattered by others means, so that, in houses
where the discase is present, a general infection of the erop fre-
quently results.

Experiments to prove that black rot is distributed and continues
to devclop in the storage honse have been made by mixing an equal
number of healthy potatoes and, black-rot potatoes and storing them
in bushel containcrs. When the potatoes were removed at the end
of the storage period all but one were affected with blaek rot.

In the spring of 1913, a number of healthy swect potatoes were
bedded in black-rot infested soil, the plants produced therefrom being
planted on soil that was noninfested. When the erop (about 16
bushels) was harvested in the fall, about 1 peck with noticeable black-
rot lesions was discarded. The remainder was stored in the usual
way in 5-bushel baskets. When removed from storage the follow-
ing spring, 13 baskets of potatoes were aflected with black-rot and
the causal fungus had spread from this lot of potatoes to those in
adjoining bins. The conclusions to be drawn from the above experi-
ment are (1) that the fungus lives over in the soil; (2) that there
are infections at digging time too small to be seen with the un-
aided eye, since all potatoes were carefully examined for black rot
before they were placed in storage; and (3) that the fungus spreads
in the storage house.

It is likely that the hyaline eonidia and aseospores are chiefly
instruinental in the rapid propagation and spread of the fungus, both
types of spores, espeeially the latter, being produeed in considerable
abundanee 1in storage. However, the thick-walled olive-brown
eonidia are better adapted to carry the fungus through unfavorable
environmental conditions. The fungus survives the winter on or
In the potatoes in storage and on dead débris in the field. In view
of the present methods of handling the crop, any one of the known
types of spores might, and probably does, serve the purpose of per-
petuating the fungus. Sweet potatoes affected with black rot bedded
in sterilized soil have produeed infeeted plants. The fungus has been
isolated in pure culture from potatoes carried through the winter in
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storage, and experiments have demonstrated that the causal organism
lives from one season to the mext in the field. Ixperiments have
shown that plants from healthy disinfected sweet potatoes bedded in
infested soil became diseased; also that many healthy plants will
become diseased if set in a field where black rot was prevalent the
previous year. .

Trom fhese data it is evident that infection may take place either
in the seed bed or in the field, or both. In the seed bed the infection
of the young plants may result either by the growth of the fungus
from the diseased potato to the plant or by direct infection from the
soil or by both. Tf diseased plants are set in the field they may die
early in the season, and healthy plants iay become infected if planted
in infested soil.

DISSBEMINATION

The dissemination of Ceratostomella fimbriate is brought about in
the same way as stem rot, 1. e., by the shipment of plants and potatoes
to various parts of the country. This subject has been more fullﬁ
considered on page 17, to which the reader is referred. Inasmuc
as the black-rot organism causes a storage disease, it is necessary to
mention briefly the distribution of the fungus in the storage house.
Under average storage conditions the perithecia are produced in
considerable numbers, and spores are exuded from them in creamy
masses at the end of the beak. Doubtless the spores are scattered
about by air currents, by means of insects which are frequently found
in storage houses, by the settling of the potatoes in the bins, and as a
result of the handling of the potatoes in preparing them for the
market.

FOOT ROT

HisTORY

In 1912 Harter discovered foot rot caused by Plenodomus destruens
Harter, then a new disease, causing heavy losses to sweet potatoes in
Virginia. The following year a brief article (69) was published in
which the characteristic symptoms of the disease as well as the causal
organism were discussed. The name “ foot rot” was applied to this
disease, since the foot or base was the part of the plant most com-
monly attacked. This name has since come into general use among
both scientists and farmers, although the disease is still known to the
farmers in some localities in Virginia and other States as “ die off.”

Nothing is definitely known about the origin of foot rot. Inquiry
among farmers in Virginia and other States has failed to give any
definite information from which conclusions may be drawn. It seems
likely from the evidence obtained that foot rot and black rot were not
distinguished, and in view of that fact the former disease may have
been prevalent for many years previous to its discovery without
having attracted attention.

GEOGRAPHICAL DISTRIBUTION AND HcoNouMi¢c IMPORTANCE
In 1913 foot rot was reported by Harter (68) from Virginia; in

1915 from Missouri, Towa, and Ohio (77), and later from Maryland,
Kansas, New Jersey, California, South Carolina, and Georgia. The
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writers collected a number of specimens of the disease in Maryland in
1917, and specimens were sent to them from the same State in 1918
and fromn South Carolina in 1922. A few diseased specimens were
collected in New Jersey in 1917. In 1917 foot rot was found to be
very prevalent in California and was reported to occur in the States
of Tennessee and Florida, showing that it is widely distributed. So
far as its known distribution is coneerned, the disease is confined to
the northern range of the swect-potato belt with the exeeptions of
Tennessee, South Carolina, and Florida. It is uncertain whether
this is to be interpreted to mean that the climate farther south is un-
favorable to the fungus or whether it has not {et been introduced.
If foot rot originated in the northern range of the sweet-potato belt,
as seemns likely, its introduetion into the South would be less likely,
since seed potatoes and plants have not until recently been sent south
in any great quantities. On the other hand, seed potatoes from
Muryl}:]md and Virginia have been sent to Ohio, Kansas, Iowa, Cali-
fornia, and other Western States. In fact, it has been and still is a
common praetice to import seed potatoes into these States, and the
growers Insist that foot rot and other diseases of the sweet potato
were not known nntil seed had been imported from the East.

The total loss from foot rot is not large. Until remedial measures
were applied foot rot was very destructive in Virginia, as high as
95 per cent of the plants in some fields being infected. The farmers
were on the verge of giving up the industry, but in none of the other
States has the loss been so heavy. In Missouri the loss is negligible,
there being only a few isolated cases in one or two localities. A
survey of the fields about Marietta, Ohio, showed that as high as
75 per cent of the plants in a field of General Grant Vineless were
diseased. The sweet-potato industry is small in the State, how-
ever, so the total loss from this and other causes is relatively small.
The conditions in Towa are about the same as in Ohio. oot rot is
prevalent, and the percentage of loss is high in some fields. However,
stem rot and black rot are very destructive, and complications of
the three diseases are such as to render diagnosis exceedingly difficult.
In 1917 foot rot was discovered in a few localities in the San Joaquin
Valley, Cahif., but the loss in no case execeeded 10 per cent. It was
observed at Merced, Calif., in 1924. A few years later, however, the
disease could not be found in the former region, which indicated
that it was probably imported with the seed but was not able to
survive the climate there and disappeared with succeeding plantings.

SYMPTOMS

Foot rot in the seed bed causes a stunting and sickly growth or,
where the disease is very severe, the death of the plants. The easiest
way to distinguish between this disease and black rot, or even stem
rot, is to pull up the plants and exainine them for the fruiting bodies,
which are developed in considerable numbers at and a little above
and below the surface of the soil. When the plants are pulled up
1t is easy to distinguish foot rot from stem rot, since the causal organ-
isn of the latter blackens the fibrovascular bundles of the stem.
In the early stages black rot and foot rot have rather well-marked
distinguishing characteristics. The cankers caused by black rot
are more localized and inore nearly black than those caused by foot
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rot. In the advanced stage of black rot the entire plant is involved,
resembling closely the injury caused by foot rot. The pathological
symptoms caused by black-rot and foot-rot organisms often merge,
so that sure diagnosis is only possible when the fruiting bodies are
present.

! Most of the initial infections of foot rot take glac‘e in the seed
bed, the causal organism being carried to the field with the plant,
where it continues to develop. The fungus grows slowly, especially
in the early stages of infection, requiring three to four weeks, de-
pending somewhat upon weather conditions, to involve any consid-
erable portion of the stem. As soon, however, as the fungus becomes
well established it develops very rapidly, and in a week or 10 days
completely girdles the stem at 2 to 5 inches (pls. 7, B, and 8, A)
above the surface of the soil, killing the plant by the destruction
of the cortex. In another week the plants wilt (pl. 8, A) and may die
soon thereafter. There is considerable variation in the length of
time the infected plants live. Some die rather early in the season,
while others linger along to midsummer or even till digging time.
In most cases, however, the stem is nearly or completely rotted off,
the plant being supported by roots thrown out above the diseased
area or possibly by the roots at the nodes of the vines. Pycnidia
(pl. 7, B) may be found in considerable abundance in the dead
tissues. The growth of the plant is retarded from the beginning of
the infection. The foliage turns yellow and some of the older leaves
may drop off. These symptoms may be followed later by the wilting
of the vines and finally by the death of the plant.

The infection is restricted largely to the stem of the plant at the
soil line, althougl occasionally vines several feet from the stem may
be infected at the nodes, the f}lylngus growing in both directions from
tlie point of infection. (Pl 8, C.) Observations indicate that infec-
tions of this type occur only where the vines are protected by a rank
growth of foliage.

Not all the plants are killed by the foot-rot organism bcfore sweet
potatoes are produced. Many pKlnts live through the entire summer
and produce a fair yield. When potatoes are produced on diseased
plants they often are infected by the fungus growing on the roots,
so that the latter may be rotted at the attached end. These roots, if
only slightly infected, are too often placed in storage and serve to
carry the disease through the winter.

Field infection of the potatoes is usually at the attached end, the
fungus growing from the stem into the roots, and it is not uncommon
to find the potatoes in all stages of decay when they are dug in the
fall. Those badly rotted are generally discarded, but those only
slightly decayed frequently find their way into the storage house,
where tlie disease continues to develop. The loss caused by foot rot
in storage is relatively small. The fungus does not destroy the pota-
toes to the same extent as soft rot or black rot. The causal organism
grows slowly, forming a dark-brown firm rot (pl. 8, B) with the
development of pycnidia at the surface (pl. 7, A). It often in-
vades wounds, bruises, and tissue killed by other fungi and grows
from such spots to the slips in the hotbed. "In view of this fact, care
should be taken when selecting seed to discard potatoes that are
bruised or have other surface spots.
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Other fungi cause a rot which in some stages is very similar to that
produced by the foot-rot organism. In such cases the only sure proof
of the eanse of the decay is the isolation of the fungus from recently
rotted tissue,

CavusAL, ORGANISM

IDENTITY

The organism causing foot rot was described by Harter (69) as a
new species of Plenodomns, . destruens. The fungus does not fit
well into the genus bnt is better there than in any of the closely
related genera, such as Phoma, Phylosticta, and Phomopsis. It falls
naturally into the order Sphaeropsidales and is similar to the above
genera, especially the form genus Phomopsis, but differs from it in
essential details.

The diagnosis of the form genus Plenodomus as fonnd in
Suceardo’s Sylloge Fungorum (/4%) is somewhat brief. In 1911
Diedicke (36) worked over this genus and indicated characteristics
that separate it from PPhomopsis, the genus with which it is likely to
be confused. The studies and conchisions of Diedicke were largely
followed in determining the genus to which the foot-rot organism
belongs. It apparently was not identical with any of the species
hitherto deseribed and was accordingly described as new.

Another disease of sweet potatoes, dry rot, caused by Diaporthe
batatatis Harter and Field, has for its conidial stage a Phomopsis.
Dry rot is primarily a storage rot, although it does sometimes occur
in the field, cansing a decay of the stem and developing fruiting
bodies on the stem and vines. The root rot, on the other hand, is
primarily a field disease, but it does occur to some extent in storage.
Under field conditions it is sometimes diflicnlt, if not impossible, to
distinguish dry rot from foot rot macroscopically. With the aid
of the microscope and by means of cultnres the two are found to be
very different. They also differ culturally and parasitically. oot
rot causes large losses in the field by destroying the stem; dry rot very
slight losses.

PATHOGENICITY

The pathogenicity of Plenodomus destruens has been established
by a large number of imoenlation experiments of different types. In
1912 and 1913 sweet-potato plants (81 in all, grown in the green-
Liouse in pots of sterilized soil) were inoculated at the base of the
stems by inserting spores and hyphae into wounds. Of the inocu-
lated plants 91 per cent developed the disease, while the 57 control
plants remained healthy.

Plenodomus destruens has never been found attacking the foliage,
and attempts to infect the leaves artificially by spraying with spores
suspended in water were unsuecessful.

Although wounding may be an aid to infection, it is not necessary,
as is shown by the inoculstion of a number of plants by smearing
the pycnospores on the stem just above the ground. The controls
rubbed by a scalpel remained sound, but 70 per cent of the inoculated
plants became infected. In anothier experiment spores in water were
poured around the plants growing in sterilized soil, and 70 per cent
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finally developed the disease. The controls abont which water alone
had been poured remained healthy.

Tt has already been pointed out that infections of the vines some-
times take place several feet from the hill. (Pl 8, C.) In one
experiment 100 per cent infection was obtained where inoculations
were made at the nodes several feet from the hill.

While the results of the inoculations in the greenhouse seemed to
proveconclusively the parasitism of the organism, there is always the
possibility that results so obtained might not be the same under field
conditions. With this possibility in mind, inoculation experiments
were conducted in the field, with the result that all the inoculated
plants developed thie disease. If thiere was any difference in the
results, it was that the plants inoculated in the ficld succumbed more
readily than those inoculated in the greenhouse.

Plants of three wild species of Ipomoea commonly found in sweet-
potato fields, viz, . hederacea, I. purpurea, and I. coccinea, have
been subjected to infection. All of the plants of /. hederacea and
1. coccinea succumbed to the disease, and the causal fungus was recov-
ered from cach. While these species may be considered as a possible
host for the fungus, infected plants have never becn found under
natural conditions.

All the above-described inoculations were made with an organism
isolated from a diseased sweet-potato plant obtained from Virginia
in 1912 or with this organism after it had been recovered from plants
inoculated with it. During the summer of 1917 a number of thrifty
sweet-potato plants growing on the PPotomac Flats near Washington,
D. C., were inoculated with Plenodomus destruens isolated from
plants grown in California, and 90 per cent became infected.

The inoculation experiments described above were made on the
Yellow Jersey and Big-Stein Jersey varieties. Although the disease
has been observed on a few other varieties in the field, such as the
General Grant Vineless and Southern Queen, there was no evidence
at hand as to the relative susceptibility or resistance of other commer-
cial varieties. In 1917, 12 well-known cominercial varieties were
grown in pots of sterilized soil in the greenhonse and inoculated with
an organism already shown to be pathogenic to the Yellow Jersey.
The varicties were Yellow Jersey, Pierson, Big-Stem Jersey, Yellow
Strasburg, Red Jersey, Red Bermuda, Southern Queen, Dooley,
Yellow Yam, Pumnpkin Yam, Vineless Pumpkin Yam, and Triumph.
None of these varieties exhibited any marked degree of resistance to
foot rot. From 60 to 100 per cent of the plants were infected, with
the exception of the Vineless Pumpkin Yan, of which only 25 per
cent became discased. Judging from the results of these experi-
nients, there is little hope that the disease can be combated by the
introduction into infested arcas of any of the common commercial
varieties.

Although found in storage, Plenodomus destruens can not be
regarded as a storage-rot organism in the same sense as Ceratostomella
fimbriata and Rhizopus nigricans. 'That the organism does cause
decay is evident from the fact that it has often been isolated in pure
culture from sweet potatoes rotted in storage and that the typical rot
has been produced by inoculation in the laboratory.,
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MORPHOLOGY

The mycelium of Plenodomus destruens differs very little from that
of the other species of the genus. It is much branched in culture
and for the most part h(})'aline, although it produces some brown
hyphae in old culturcs. Oil droplets or globules are present in the
mycelinm at all ages and on almost any media. Intercellular, rarely
terminal hiyaline spherical and oval, thick-walled bodies, 8 to 13 p In
diameter, borne singly or in chains, occur in most substrata at all ages
of growtll. Brownish bodies morphologically similar to the hyaline
ones, but occurring mostly at the cnd of the hyphae, are frequently
found in old enltures. )

The pycnidia are buried at first, but later break through the epi-
dermis and appear as black dots scattered over the surface. They
stand close together (pl. 7, A and B) on the stem and roots, but they
are rarely if cver confluent. They are irregular in form and vary
greatly in size, averaging about 300 u through their greatest diameter.

The outer wall of the pycnidia is dark to almost black. The struc-
ture of the pycnidia on the stem appears to differ from that on the
root, wlere there is a well-defined hyaline layer almost equal to the
outer wall in thickness, The dark outer wall of the pycnidia on

the stem is more conspicuous and
better developed than on the roots,

the inner hyaline layer being nearly
o, or completely lacking. The sporo-
phores, whieh are from 6 to 13 u in
ﬁ A B
Fic

length and very narrow, are short,

i, T.—DPlenodomus  destruens: A, fl"‘.lgil(}, Somewhat inconsp‘icuous, and
Conldla developed i artificlal  arise from the inner hyaline layer.

the host. ' w1 a0o T B IO The spores are discharged through

a beak of varying length, which

may arise from any part of the upper surface of the pycnidium. In

old dried specimens the upper portion of the pycnidium may fall

away.

The liyaline, one-eelled, and sometimes slightly curved conidia
(fig. 7, A), are oblong, rounded at both ends, 6.8 to 10.0 x long by
3.4 to 4.1 p wide, with two large oil droplets.

Besides the pyenospores, somewhat cylindrical hyaline curved or
straight bodies varying in length from 5 to 15 p with rounded or
tapering ends are sometimes found in the pyenidia from the host
and occasionally in those on rice and on sweet-potato stems. (Fig.
7, B.) Several attempts to germinate these bodies were unsuccess-
ful. Their function is not known, but it is probable that they are
homologous to the stylospores of the genus Phomopsis (35).

LIFE HISTORY

No ascigerous stage of Plenodomus destruens is known. There-
fore the only known means of reprodnction is by pyenospores,
which are produced in great nuinbers. A few field infections have
been definitely proved to occur, but usually the disease is carried to
the field on the plants from the sced bed.

Foot rot, like several of the other sweet-potato diseases, is carried
through the winter on the potatoes in storage and to a much less
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Foor RoT (PLENODOMUS DESTRUENS).—I|

A.—Root after some months in storage, considerably enlarged to show the presence of the pye-
nidia. B.—The lower part of the stem of a plant which has been rotted off about 1inch below
the surface of the soil. The dead tissue extends ahout 5 inches up on the stem. Pycnidia are
present in abundance on the dead parts of the stemn
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FooT RoOT (PLENODOMUS DESTRUENS), 11

A.—The wilting stage of a plant artificially inoculated with a pure culture of the organism.
The stent just above the surface of the soil is partially decayed. B.—X\ potato partially
decayed as a result of artificial inoenlation.  C.— A field infection of a viue at the node.
T'he organisin has extended some distunce in each direction from the node. .\ pure cul-
ture of the organism was obtained fiom this specimen
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TeExAs RooT ROT (PHYMATOTRICHUM OMNIVORUM)

A.—Whole plant affected with root rot, showing mummified roots. B.—Mummified
root, showing mycelial masses. C. -Longituainal section of a root, showing extent of
rot
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ScuUrRF (MONILOCHAETES INFUSCANS)

A.—Scattered spots resulting from artificial inoenlation. B - A badly shrunken potato from
storage, with senrf over thie entire surface.  C.—Rceurf on the underground portion of the stein,
Infection probably came from the potato.  1D.—Cracking of the surface of a sweet potato, caused
by the scurf organism
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extent in the soil in the seed bed and in the field. The small number
of infections of healthy plants set in the field where foot rot was
revalent the previous year shows that the principal source of in-
ection of the plants is in the seed bed. In localities where the dis-
ease is prevalent the organism can be found in potatoes in the storage
house and in thc banks, where a slow, firm, brown decay is pro-
duced. The mycelium grows throughout the potato, but the pycnidia
are formed onB;r at the surface. During the storage period fruiting
bodies may be found in wounds made in the fall at digging time,
which, in view of the fact that often only a slight decay or none
developed, indicates that the spores were carried to these wounds
some time aftcr the beginning of the storage period. In fact, it is
reasonable to assume that the spores are scattered promiscuously
throughout the house during the storage period. This assumption
is strengthened by the observation that foot rot often develops in
wounds after the potatoes that showed no evidence of being dis-
eased have been held for a few days under warm conditions. If
such potatocs are used for seed, the spores germinate in the seed
bed and infect the young plants. These infected plants may be set
in the field and may produce some potatoes, which in turn are liable
to be infected. In other words, the causal organism is carried with
the infected potatoes to.the seed bed, from the seed bed to the field
with the plants, and thence in the fall to the storage house in or
on the potatoes, thus completing a circuit that assures its
perpetuation.
TEXAS ROOT ROT

HisTORY

Texas root rot, caused by Phymatotrichwm omnivorum (Shear)
Duggar (Qzonium ommivorwm Shear), is perhaps the disease best
known, since it affects also cotton and alfalfa. Various theories
were advanced as to its nature before Pammel (729) found it to be
caused by a fungus. According to some investigators it was caused
by an excessive accumulation of alkali, but others attributed it to an
excess or deficiency of other soil substances. It was generally agreed
by all to be worse following some crops and more or less restricted
to certain types of soil.

No real advance was made respecting the cause and nature of Texas
root rot until Pammel began a study of the disease. As a result of
investigations in Texas for two summers, he concluded that it was
caused by a sterile fungus, which not only attacked cotton but many
other crops as well. The sweet potato was one of the plants specifi-
cally mentioned by him as one of the hosts. He tentatively attrib-
uted the cause of the disease to Ozonium awriconiwm Lk., but he was
skeptical concerning the correctness of the identification, because it
did not agree perfectly with the description of that species.

The work of Pammel was followed by similar studies in Texas in
1901 and 1902 by Duggar (39) and in 1907 by Shear and Miles (1567)
and more recently in Texas and Arizona by Peltier (732). A num-
ber of new hosts were added, and it was pointed out that the grasses
and cereals were immune to the disease—a fact of considerable eco-
nomic importance when a crop rotation is being planned for its

6176°—29—-3
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control. It is now known to attack a large number of plants widely
separated in relationship, among them being many plants of
economic importance as well as weeds.

GEOORAPIIICAL DISTRIBUTION AND EcoNoMIC IMPORTANCE

Texas root rot, so far as known, oceurs only in Texas, Oklahoma,
New Mexico, California, and Arizona. Althougluit may be restricted
{o spots of various sizes in the field, as pointed out by Pammel,
Duggar, Shear, and Miles, such is not always the case. These in-
fested spots, which enlarge from year to year, can be eamhy detected
in the case of cotton and some other crops. It is very destructive
to the sweet-potato crops in some parts of Texas and New Mexico,
especially in the black, poorly drained soils, where, according to
Taubenlaus, it frequently prevents the farmers from growing tlhe
crop. The infectcg areas are not so readily recognized, since in
many cases the vines cover the ground, even though the roots may be
attacked and the potatoes partly or completely destroyed. The dis-
case may become so destrnetive that not more than 10 per cent of a
crop may be produced. Tt is much less destructive to sweet potatoes
in Oklahoma and las never been reported on this crop in Arizona.
In the Pecos Valley of New Mexico considerable loss to sweet pota-
toes and other erops has resnlted from Texas root rot. It is also
reported from Mexico by Ramirez (149).

SYMPTOMS

On the symptoms on sweet potatoes Pammel (729) says:

In the Texas disease the fungus begins to work on the surface, hut in the
advanced stages the whole root is found to be covered with the brown threads
of the fungus. Tu some specimens sent to me, and considered sound, I fonnd
a number of depressions, in the center of cach a small whitlsh protuberance
composed of a mass of fungous threads slmilar to those on the roots of cotton.
The cells adjoining the depression were soft and nndergoing decomposltion.
The rot may begin at the end and work gradually over the entire root. The
vines grow on vigorously and show no external symptoms, but at the tlme of
maturity nothing else but the decayed remains of potatoes can be seen, while
on the borders of the patch diseased potatoes of all sizes showing different
stages of the fungus can be found.

To the above description may be added the fact that the fungns,
besides destroying the roots, invades the vines for 6 to 12 inches
from the soil line. It may enter the potato at the end or form
lesions of varying sizes on the surface. in either case causing a firm,
dry rot. Whether this dry rot is caused by the Ozonium alone or as
a result of secondary orgamsins that follow it is not certain. The
potatoes finally become hard and mummified. and brownish to buff
mm color (pl. 9, A, B, and ('); on their surface are formed coarse
strands composed of a nnmber of hrown hyphae, which rn more or
less parallel to one another. Aboveground the fungous growth is
confined within the stem and may be detected by the brown dis-
coloration produced.

CAUSAL ORGANISM

IDENTITY

The disease was attributed by Pamumel to Ozonium auriconivm
Lk., although lie recognized that the Texas root-rot fungus differed
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essentially from that species. The organism was known by that
name until Shear (155), after having examined Link’s type material,
described it as a new species, 0. omnivorum Shear. The organism
was studied again in 1916 by Duggar (4), who found in Texas and
Arizona cotton fields in which there was an abundance of one-celled
hyaline spores associated with the characteristic hyphae of O. om-
nevorum, and later by King (103). Duggar succeeded in germinat-
ing some of the spores, which resulted in the production of hyphae
identical with the hyphae previously recognized as those of O. om-
nivorum. On the strength of his results he placed the fungus in
the genus Phymatotrichum, the organism beconiing accordingly 7.
omnivorum (Shear) Duggar., Duggar admits that it does not fit
perfectly in the above-named genus,
or, as a matter of fact, in any estab-
lished genus of the Hyphomycetes,
but it is better there than in any of
the related genera.

All inoculation experiments made
by Duggar with the fungus from the 2
conidia gave negative results. In
view of this fact, it may be ques- ~ =
tioned whether or not the conidia

found by him belong to OQzoniwm 7
omnivorum. Shear (156) in 1903 __,__,J'/J
found a Hymenomycete on the stem /§/

of an Osage orange (Maclure auran- _
tiace Nutt.) in Texas in close asso- i, o raclcilar cyesllum of Fhy-
ciation with typical mycelium of the

Texas root-rot fungus, and on the strength of this association de-
scribed the organism as Hydnum omnivorum. He was unable, how-
ever, to demonstrate the connection between the Ozoniumn and the
Hydnuin, since the latter fungus failed to grow in culture.

PATHOGENICITY

Pammel, Duggar, and Shear and Miles have studied extensively
the root-rot disease in Texas, but none of them have recorded suc-
cessful inoculation experiments. It appears that Ozonium omni-
wvorum has been determined by them as the cause of the trouble
wholly on the basis of its constant association with the disease.

MORPHOLOGY

According to Duggar, there are three fairly distinct types of
mycelium, 1. e., the large-celled type, the strand hyphae, and the
acicular type. (Fig. 8.) The large-celled type, measuring as much
as 20 p in diameter with cross walls 60 to 120 p apart, is strikingly
similar to Rhizoctonia and is often found abundantly on the margins
of the conidial areas. With respect to the strand hyphae, Duggar
(41) says:

In these the individuality of the hyphae is practically iost, the strands being
ultimately plectenchymatic bands in which the individual ceils vary considerably
in diameter, the larger ceils of youug strands resembling somewhat the larger
liyphae above mentioned. It is interesting to observe that they may serve not
only to spread the fungus vegetatively, but superficial soil strands may function
as a conidial stroma. They are also niore or less sclerotial and are doubtless an
important factor in the persistence of the fungus in the soil.
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The acicular type derived from the arachnoid mycelium is fairly
rigid hyplhae branching in pairs, opposite, and at right angles.
(Fig. 8) The branching 1s sometimes also verticillate. The
branches are rigid, needlelike, and taper to a fine filament 3 to 5 p in
diameter. This type of mycelium has been found only on the roots.
There are, of course, intermediate types between the forms here
mentioned.

In the early stages of growth the hyphae are nearly hyaline, but
they become brownish with age. According to Shear, the sterile
mycelium is a dirty-yellow color, sometimes whitish when young, both
in culture and in the fibrovascular bundles of the plants.

Duggar, the first to find conidia associated with the Texas root-rot
fungus, found that the spores were produced at first on the char-
acteristic larger hyphae and on small branches of those hyphae that
make up the strands of the fungus in the soil. The attached conidia
were found in lieads about short swollen but not necessarily spherical
branches of the short-celled or strand Liyphae. These branches were
simple or forked, the forking being at irregular intervals, and oc-
casionally branching was continued from a swollen cell. The fertile
hyphae arise irregularly fromn the large-celled mycelium or directly
from cells of the strands. They are simple or foried with the spore-
bearing portion vesicular, often 20 to 28 p in length and 15 to 20 p
in diameter. The spores are hyaline, spheroidal to ovoidal, the
spheroidal averaging 4.8 to 5.5 p in diameter, the ovoidal 5 to 6 by
6 to 8 u, extreme diameters 3.2 and 9.8 p.  The conidial stage forms
a continuous pulverulent; sometimes crustlike area on the sotl.

LIFE HISTORY

Texas root rot does not appear on the plants in the seed bed,
being destructive only in the field. It has been reported by Pammel
as being evident in the plants in the field as early as May 6. It is
not, however, till some time later than this, usually from about the
middle of June to July 1, that it becomes very noticeable, In August
it is probably most conspicuous and destructive.

If Duggar’s work is accepted, the root-rot fungus has a single
fruiting stage, namely, conidia, which are borne in great abundance
probably only late in the swnmer. It is very doubtful, however,
whether conidia are necessary to the perpetuation of the organism.
It is likely that in a climate as mild as that of Texas the mycelium
lives through the winter; in fact, it is probable that in some parts of
Texas where winter crops are grown that the root-rot fungus con-
tinues its growth throughout the entire year,

SCURF

HisTorY

The scurf disease of sweet potatoes was first recognized by Halsted
(61), who published a brief account of it in 1890. To the fungus he
gave the name Monilochaetes infuscans Hals., a new genus and
species, of which, unfortunately, he gave no technical description.
This disease was not studied again until the writers and others about
22 years later took up an investigation of it, together with other
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sweet-potato diseases. From these studies a better knowledge of the
causal fungus, together with methods for its control, has been
obtained.

GEOGRAPHICAL DISTRIBUTION AND ECoNOMIC IMPORTANCH

Scurf is as widely distributed in the United States as the sweet-
potato crop itself. It occurs practically everywhere and on prac-
tically all varieties, though on some varieties more commonly than
on others. Typical specimens of scurf-infected potatoes have been
collected in California and New Mexico and from all the Southern
Statcs, as well as from New Jersey, Delaware, Maryland, Illinois,
Iowa, and Kansas. Outside of the United States the only authentic
report of its occurrence is in the Hawaiian Islands, where it is said
l?r Carpenter (23) to be present. It probably occurs in Japan (99)
also.

There are no varieties, so far as known, entirely immune to scurf.

As compared with the loss from black rot, that from scurf in the
United States is relatively small. Tt is uncertain to what extent the
yicld of the crop is reduced by scurf, the loss being largely restricted
to the reduction in the market value caused by the discoloration of the
skin and to the loss from shrinkage in storage of badly infected roots,
many of which must be thrown away. The potatoes are for the most
part infected in the field before the crop is harvested, although the
infection centers may enlarge slightly in storage, and possibly a few
new oncs may be formed. It is not unlikely that there is some in-
crease in the disease under storage conditions, if the relative humidity
of the storage house is high. Scurfy potatoes sell for 25 to 50 per
cent less than clean ones, depending naturally on the degree of
infection,

Except in severe cases of infection, the food value of the potato
is not impaired by scurf. The injury to the potato is superficial;
the hyphae in penetrating the epidermal cells cause injury, which
results in the loss of water. 1In potatoes slightly infected the loss of
water is very gradual and slow, and shrinkage is correspondingly
slight, but the loss from badly infected roots (pl. 10, B) is rapid, so
that after a period of one or two months in storage an appreciable
percentage is unfit for market. Naturally the shrinkage is greatest
in storage houses where the temperature is high and the relative
humidity low.

SYMPTOMS

Scurf is characterized by a brownish discoloration of the epidermis
of the underground parts of the plant. These discolored areas may
be in spots (pl. 10, A) or they may cover a considerable portion
of the ends or other parts of the potato, large spots often being
formed by the coalescing of two or more small ones.

Monilochaetes infuscans is another of the sweet-potato fungi that
spread from the infected seed potatoes to the slips and are carried
on them to the field. (Pl 10, C.) The disease 1s less prevalent in
light, sandy soils and worst in heavy soils and in those containing
a considerable quantity of organic matter. It may be observed in
the fall at harvest time that the greatest number of infected spots
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occur at the upper end of the potato, suggesting that the spores have
been washed down by the rain, starting new infections, or that the
mycelium spreads to the roots fromn the slips. )

Althougl field infections do occur, the evidence seems to indicate
that infected potatoes used for seed J)urposes are the primary sources
of the discase. Sweet potatoes badly affected with scurf are dark
brown to nearly black in color and are frequently covered with small,
fine furrows or cracks. (PL 10, D.) Under such conditions moisture
escapes from the potato, which becomes tough, leathery, and event-
usnally mnch shrunken and wrinkled after a short period in storage.
(PL 10, B.)

CAUSAL ORGANISM

IDENTITY

Halsted considered the scurf fungus as belonging to a new genus
and species, to which he gave the name Monilochaetes infuscans. A
detailed study of the causal organism was afterwards made by Harter
(72), who technically described both the genus and species.

PATIIOGENICITY

The pathogenicity of Monilochaetes infuscans was proved in the
following manner: Sound potatoes were thoroughly washed in water
and placed in moist chambers with moistened filter paper in the
bottom. They were then sprayed with a suspension of spores and
bits of hyphae in sterile water and exposed to the conditions of the
laboratory. Sterile water was added from time to time in order to
nmintain a high humidity in the damp chambers. At the end of two
weeks infection (pl. 10, A) centers appeared indiscrimninately over
the entire surface of the potatoes, these centers gradually enlarging
either by the merging of two or more spots or by the enlargement of
a single lesion. In artificial inoculations the spots, however, appear
not to enlarge by the branching and creeping of the hyphae over the
surface but rather by the dropping of the spores, which are borne on
conidiophores standing erect or at an acute angle to the surface of
the potato, from which new infections start outside the point of the
original growth.

MORPHOLOGY

The mycelium of Monilochaetes infuscans is hyaline at first, but
later turns brown, the terminal cell of the conidiophore remaining
hyaline. The vegetative growth on the host and in artificial media
differs considerably in general appearance. On the former it is
scarcely, or not at all, branched and appears to be reduced to merely
a septate conidiophore. The fungus penetrates the epidermis and
enters the tissues of the host only a few cells deep. The conidio-
phores, for such they appear to be, arise from the surface of the host
and are attached to it by an enlarged end cell (fig. 9, B) beneath the
epidermnis,  Occasionally two or three enlargements or bulblike cells
are formed in a chain, eonsisting of the portion of the fungus in the
host tissue. The conidiophores are unbranched, septate, vary in
length from 40 to 175 p, and bear at the end one-celled spores (fig.
9, A), which are hyaline to slightly brown with age. The comdia
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are 12 to 20 p in length by 4 to 7 p in width and are formed singly at
the end of the conidiophore. As soon as one conidium is mature it
scparates easily from the conidiophore, and another is formed by the
enlargement of the end cell of the conidiophore, to be dropped in turn
when mature.

Monilochaetes infuscans is slow growing both on the host and in
culture. Some difficulty therefore was experienced at first in obtain-
ing it in pure culture. After a number of trials it was found to
make a slow growth on Irish potato, string-bean, and oatmeal agars.
By thoroughly washing the potatoes and then disinfecting them for
about one minute in bichloride of mercury (1 to 1,000) and planting
bits of tissue in one of the agars mentioned above (oatmeal agar
is the best) a pure culture could generally be obtained. In a week
to 10 days transfers were made to
tubes of rice cooked in water or to
moistened corn meal, on both of
which a matted growth of dark-
brown hyphae developed by the end
of three to four weeks. Spores are
abundantly produced in tubes of
cooked rice. Growth has been ob-
served on a few of the common culture
media, namely, potato agar, beef agar,
rice agar, oatmeal agar, string-bean
agar, potato cylinders, sweet-potato
stems, and stems of Melilotus albo.
The general appearance of the growth
is_not characteristically different on
any of these media, forming in all
cases a feltlike mat 2 to 3 millimeters
in height with an entire margin. The
mycellum in mass is almost charcoal
black. Following the production of A
the hyaline conidia, which are formed ~
more abundantly on some media than g 9.__ronitochactcs infuscans.
on others, particularly on oatmeal oo Or e et oioh
agar, beef agar, and string-bean agar,  sweet-potato  epidermis, showing
a gl'ayish color is developed on the l()l;él)go?:})s) basal cell of conidiopbore
surface. At room temperature (23°
to 26° C.) growth is visible in 4 days on all media used, except
on rice agar and on stems of sweet potatoes and M. olba. In
13 days a small growth developed on rice agar, but on stems of
sweet potatoes and sweet clover there was no evidence of growth at
the end of four weeks.

Judging from a limited number of experiments, the fungus does
not seemn to have a very wide range of temperature for growth. At
the end of 24 days only a sparse growth occurred on string-bean
agar, rice agar, and oatmeal agar at témperatures ranging from 6°
to 7° C. and only a slight growth on oatmeal agar in 14 days at
temperatures varying from 30° to 32°.

The conidia germinate slowly on rice or in sweet-potato decoction
by the production of one or two germ tubes, usually from the end
of the spore, which in 24 hours attain a length about equal to the
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length of the spore. The branching of the hyphae begins in about
two days and the production of the brown pigment in about three
days.

LIFE HISTORY

Only the conidial stage of Monilochactes infuscans is known. The
conidia are very sparingly produced, or, at least, are difficult to find
under natural conditions. A few spores similar to those of M.
infuscans have been found on scurfy potatoes, but in no instance
were they attaclied to sporophores, so that it is a question whether
they were not spores of another fungus. In moist chambers, how-
ever, they are sparingly produced. It is doubtful whether the spores
are necessary or even serve in any degree to perpetuate the fungus.
The liyphae, like those of other fungi causing sweet-potato diseases,
doubtless live over on the stored potatoes and on dead débris in the
fields and in the soil. The fungus grows from the scurfy seed potato
to the sprouts, on which it is carried to the field and from which it
passes to the roots.

That the scurf organism lives over from one season to the next in
the soil in the field and in the old seed beds, as well as on sweet pota-
toes in storage, has been repeatedly demonstrated by field and lab-
oratory experiments. In most of these experiments vine cuttings were
set in pots and the pots stationed in such a way that the new vine
growtll was suspended in the air. By this method it was reasonably
certain that the vines were free from the spores and the mycelium of
the scurf organismi.  These vines when about 3 feet long were cut into
sections and planted in the field in soil that grew scurfy sweet pota-
toes the previous year. At the end of the season scurf was found on
all of the plants.  Similar cuttings in the same soil, which had been
steamed as a control, grew clean potatoes. These experiments were
duphicated the followmg year with similar results. Vine cuttings
were set in a field where sweet potatoes have never been grown, and a
clean crop was produced, which indicates that Monilochaetes infuscans
is not present in all soils. Plants fromn scurfy potatoes were also
planted in the noninfested soil, and each produced scurfy potatoes,
demonstrating that the disease 1s carried fromn the potatoes with the
plants to the field. -

SOIL ROT

HistoRrYy

The soil rot of sweet potatoes, first discovered by Halstead (61) in
New Jersey, was attributed by him to a fungus to which he gave the
name Acroeystis batatae K. and Hals. Althongh he evidently studied
the disease with considerable care, giving a fairly accurate picture of
its occurrence and symptoms, apparently he did not succeed in isolat-
ing the causal organism or in successfully infecting healthy plants.
He pointed out that the discase was very destructive in some fields,
causing an almost total loss in some cases. For several years follow-
ing his first description of the soil rot, Halsted gave further atten-
tion to a study of the causal organism and methods for its control.
In the publication referred to above, he gave several text figures of
what he assumed to be the causal organism, although he gave no evi-
dence of having isolated it. His conclusions as to the cause of the
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disease were apparently based upon the constant association of a cer-
tain fungus with soil-rot lesions. None of his published data prove
that he successfully worked out control measures, although he dem-
onstrated that the use of flowers of sulphur (66) applied in different
quantities per acre reduced to some extent the percentage of soil-rot
infected potatoes; also that the total yield increased with the increase
in the proportion of sulphur applied.

Following Halsted’s investigations, no work on soil rot was under-
taken until 1914, when Taubenlhaus (778) undertook some prelimi-
nary studies, in which he points out certain characteristic symptoms
of the disease. With respect to its control he found that lime in-
creased the amount of the disease, whereas acid phosphate decreased it.

In 1916 Elliott (46, 47) published two papers, in one of which he
set forth the claim that soil rot is caused by a slime mold, and in the
other he described in detail the morphology and life history of the
organism. Two years later these articles were followed with one by
Taubenhaus (780), which apparently had for its primary object a
confirmation of the work of Elliott. This latter paper, however,
contains considerable additional data. Taubenhaus claims to have
shown that the organism causes a similar disease of potatoes and
turnips and intimates that the tomato and beet may also be suscepti-
ble. He suggests that Morse and Shapovalov (725) and Ramsey
(741), who attributed the “ pit ” disease of the potato to Rhizoctonia
sp., were in reality dealing with the sweet-potato pox organism, the
injury by Rhizoctonia sp. being merely secondary. So readily did
Elliott and Taubenhaus isolate the slime mold and inoculate sweet
potatoes with it that the former recommended it as one suitable for
use in the classroom.

The name “soil rot "—frequently referred to by farmers as ground
rot, bugsting, pit, pox, and wormhole—was given to the disease
originally by Halsted. Taubenhaus later proposed the adoption of
pit or pox as a common name for this disease. The writers, while
admitting that either pit or pox describes the disease in its late stages
better than soil rot, prefer to maintain the old established name by
which it was first known in the literature.

GEOGRAPHICAL DISTRIBUTION AND EcCoNOMIC IMPORTANCE

It is not certain that soil rot occurs outside the United States,
althougli there are reasons to believe that it is present in Japan, since,
in a publication in the Japanese language (700), a disease of sweet
potatoes due to Acrocystis batatae is mentioned. In the United
States it is fairly widely distributed, having been collected, received,
or reported from New Jersey, Delaware, Maryland, Virginia, North
Carolina, South Carolina (72), Oklahoma (171), Texas, Florida
(18), Kansas (774), Mississipp1, and Arkansas. It is probable that
the disease occurs in some other States.

The losses from soil rot vary greatly in different localities. As
early as 1890 Halsted found the disease in some fields causing nearl
a total loss. It is equally bad in Delaware, and Taubenhaus (183
claims that soil rot is one of the worst diseases in Texas, ranking
next to black rot in economic importance. Notwithstanding the
fact that soil rot has been known a long time, it hias not become so
widely distributed as some of the other diseases; neither has the loss
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been so extensive, except in a few isolated cases, The comparatively
small loss caused by it mnay be explained by the fact that it is very
little or uot at all carried by the seed potatoes, its distribution being
accomplishied only by the transfer of soil from tle field.

The report of the plant-disease survey for 1919 ° gives losses for
several of the States as ranging from 26,000 to 143,000 bushels. The
greatest loss occurred in Texas. Virginia reported a loss of 96,000
bushels and Maryland and Delaware 45,000 and 29,000 bushels,
respectively.

SYMPTOMS

The symptoms of soil rot differ markedly from those of any of the
other sweet-potato diseases. In extreme cases of infection the plants
are dwarfed, often failing to produnce more than one or two short
vines during the entire growing season. The plants in general ap-
pear as thongh conditions were very unfavoraBle for their growtg,
the leaves being small, thin, and pale green in color. Some of the
plants may even die before the end of the season. The root system is
poorly developed, and in fields where the disease is severe no roots
or only a few small ones are produced. On lateral feeding roots,
whicli are nsually few in number and often more or less deformed, as
well as on the nnderground part of the stem and on the enlarged
roots themselves, somewhat black, water-soaked lesions of various
sizes and appearances may be found. (Pl 11, A-E.) The decayed
spot nay occur on one side, or it may cut off the entire food supply
by girdling the root. Pits of varying depths with jagged margins
one-lialf inch or more in diameter occur on the swollen roots. The
infections apparently have their origin in the small rootlets, the
organism growing thence into the sweet potato, the root enlarging
about the point ofixlfoction, thus leaving a hole, depression, or cavity.
(PL 11, E.) 1In tlie early stages of the disease the lesion is covered
Ly the skin of the root, which later breaks away, exposing a cavity
Leneath it. In severe cases of infection the enlarged root may be
more or less girdled, the root continuing to enlarge on each side of
the infected area in the form of a collar, thereby producing a curious
disfiguration somewhat crudely resembling a dumb-bell. (Pl 11, C.)

Tlie number of lesions naturally depends upon the severity of the
discase.  On the small roots they frequently occur in great numbers,
and as many as 25 pits may be counted on a root 5 to 6 centimeters
in diameter,

A stunted growth of the vines and roots results from the destruc-
tion of the small roots and root hairs. During a dry season the dis-
ease is more destructive than during a wet one, a fact whicli may be
dne not so much to the more vigorous attack of the organism during
dry conditions as to the lessened vitality of the host, caused by an
inadeqnate supply of water. Poole (737), in investigations on the
relation of soil moisture to infection, found that very little infection
occurred in soil containing moisture to the extent of 10 per cent or
more of its water-holding capacity, but severe infections occurred in
drier soils. His experiments were conducted with two varleties,

S UNITED STATES DEPARTMENT OF AGRICULTURE, BUREAU OF DPLANT INDUSTRY, CROP
LOSSES FROM PLANT DISEASES [N THE UNITED STATES 1N 1919, U. 8, Dept. Agr., Bur. Plant
Indus. Plant Dlsease Survey Bul. Sup, 12:325. 1920. [Mimeographed.]
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Vineless Yellow Jersey and Triumph. In view of these results, the
application of organic material or manure, which would maintain a
higher percentage of moisture, should be beneficial.

CAUSAL ORGANISM

Much remains to be learncd about the soil-rot organism. Halsted
(67) in 1890 described the disease as new and named the causal
organism Acrocystis batatae E. and Hals,, a new genus and spccies.
He was unable to obtain infection cither in the field or in the lab-
oratory, and no conclusive evidence was furnished to show that he
had isolated the organism in pure culturc. He describes the disease,
however, in some dctail and also the morphology of the organism
which he believed to be the cause, submitting at the same time several
illustrations as proof of what he had seen. Some years later, Tau-
benhaus (778) questioned the conclusions of Halsted, intimating at
the samc time that the organism studied by Halsted was not the
cause of soil rot. He himself had isolated almost cxclusively from
soil-rot lesions either a Fusarium, a Rhizoctonia, or an Actinomyces.

Two ycars later Elliott (47) published two articles on the dis-
easc, the first a preliminary account in which were set forth some
of the morphological characteristics of the organism. The sccond
(46), much more detailed, not only described the diseasc and certain
inoculation cxperiments but also the morphology and life history
of the causal organism. The results of Elliott were later confirmed
by Taubenhaus (780), who contributes additional data purporting to
show that the soil-rot organism attacks other hosts (potato and beet)
as well. He, as well as Elliott, obtained the organism in pure
culture. The organism studied by Elliott, which he concluded to
be the cause of soil rot, belongs to the Myxomnycetes, to which he
gave new generic and specific names, without at the same time
giving to them technical descriptions, such as good usage. at the
present times requires, KElliott named this slime mold Cystospora
batata. Judging from his description of the mode of reproduction
and infection, this slime mold presents some very curious and strik-
ing differences from other Myxomycetes. He describes (47) the
organism in part as follows:

The swarm spores first entering a growing-point go through a rapid develop-
ment in the outer host cells, passing through an ameboid and a plasmodial
stage. During the plasmodial stage a large number of nuclei are foried by
mitotic division. The plasmodium then forms a heavy-walled cyst in which
hundreds of spores are developed. The swarm spores are liberated within
the cyvst, which breaks down and releases the spores, wlen a further infection
of host cells occurs. The infection spreads rapldly to the maln root, causing
A plt or “pox” scar. When the pit has reached the limit of its development
the plasmodium assembles and breaks out, migrating into the soil. A sec-
ondary infection by swarm spores in small immature pits, causing extensive
blisterlike elevations in the skin of stored sweet potatoes, has been
obzerved.

The formation of a heavy-walled cyst containing several hundred
swarm spores separates this plasmodium from the now recognized
genera of the Plasmodiophorales. Accordingly, the name Cystospora
batata gen. nov., sp. nov. was proposed for this new organism.

The morphology, life history, and other characteristics of this
myxomycete are ﬁrther detailed in another publication (46). Both
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Elliott and Taubenhaus emphasize the ease with which this slime
mold ean be studied, each making a point of the fact that the plas-
modia flow out if soil-rot roots are placed in a receptacle in such
a way as to provide an abundance of moisture. Curious as it may
scem, the writers have been unable to verify the results of Elliott
and Taubenhaus, although they have worked on the disease more or
less for several years. So far, they have not been able to isolate
a slime mold from any of the material studied by them, even when
the directions given by Taubenhaus and Elliott are closely followed.
They have made hundreds of microscopic slides from sections cut
through lesions of all types, showing all stages in the development
of the disease, and in no case have they ever observed anything that
could be called a plasmodium, cyst, or swarm spore. The sections
were stained in different ways designed to bring out such struc-
tures. Some of the slides prepared by the writers have been ex-
amined by investigators accustomed to the study of Myxomyecetes,
and the structures reported by Elliott and Taubenhaus in no case
have been observed. Several other investigators have also failed
to observe a myxomycete on sweet potatoes In moist chambers or to
see it in microscopie sections. The writers do not deny the exist-
ence of a myxomycete in the soil-rot lesions or its probable eause of
the disease; yet they must, however, withhold final acceptance of
the results of} Elliott and Taubenhaus until more convincing proof
has been submitted.

Hundreds of cultures have been made from soil-rot lesions of all
kinds which have yielded only a miscellaneous variety of fungi and
bacteria. Fusarium sp., Actinomyces, and Rhizoctonia have been
isolated more frequently than any other fungi. Inoculations with
these different organisms have given consistently negative results,
which does not mean necessarily that none of them cause the disease,
since, as it often happens, failure may be due to the fact that the
proper conditions for infection may not have obtained.

Manns (720) apparently has not accepted the results of Elliott
and Tanbenhaus. He has carried on investigations with this disease
for several years and has come to the conclusion that it is eaused
by a species of Actinomyces that resembles A. poolensis Taub. Not
only has Manns (720) isolated this organism from soil-rot lesions, but
he has been able to produce “ soil sickness ” by mixing the contents of
several culture dishes into the soil. The results of Manns seem to
be 1fairly conelusive evidence of the connection of Actinomyces with
soll rot.

DISSEMINATION

Experiments have demonstrated that soil rot is caused by an
organisin that lives over in the soil and that can be readily destroyed
by sterilization. These results were obtained by experiments with
soil from a field that had grown badly diseased sweet potatoes. The
soil was divided into three lots, one of whieh was steamed for four
hours at a pressure of about 15 pounds, another was sterilized with
formaldehyde in the usual way (1 pint of formaldehyde in 20 gallons
of water), and the third lot was held as a control. Sweet potatoes
were planted in the three lots in an outdoor bed and allowed to grow
during the summer, In the fall the potatoes were carefully examined
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when harvested. Those from both lots of sterilized soil were entirely
free from soil-rot lesions, while those from the untreated soil were
badly pitted.

Apparently the disease is not generally transmitted through the
potatoes used for seed. Evidence to this effect was obtained in
experiments several times repeated, in which a number of badly
pitted soil-rot roots were bedded in noninfested soil. After the
sprouts were well developed they were planted in a field where soil
rot has never occurred. The sweet potatoes in the fall were entirely
free from soil rot.

There is a possibility that the sprouts when grown in infested seed
beds may carry the disease to the field, although experiments have
failed to demonstrate this fact. It seems possible, however, that the
causal organisin may be carried to the field in the soil clinging to the
roots of plants grown in infested soil.

Dissemination, so far as the writers are able to determine at the
present time, is brought about prineipally by the transportation of
the soil, which may be done in several ways—i. e., by the blowing of
the soil during high winds, by means of drainage water, by farm
implements, or by livestock that roam from one field to another.
The dissemination over long distances is probably brought about by
the shipment of sweet potatoes with infested soil adhering to them.

MOTTLE NECROSIS

HISTORY

Mottle necrosis (caused by Pythium wltimum Trow and P. sclero-
teichum Drechsler) was recognized as a distinct disease of sweet

otatoes in 1917, although it is barely possible that it was seen by
};Ialsted (61) in 1890 and described under the name of  white rot.”
Halsted’s investigations were somewhat meager, but his descriptions
of the characteristics of the disease itself and an organism associated
with it indicate that he was describing the disease known to-day as
mottle neerosis. Information has been obtained from growers in
New Jersey that mottle necrosis has been known to them for many
years. It appears that since it occurred only intermittently and the
losses were relatively small that no serious attention was given to it.
Since 1917 there have been frequent reports of its occurrence in
various localities where susceptible varieties are grown.

GEOSRAPHICAL DISTRIBUTION AND EcoNoMIic IMPORTANCE

Mottle necrosis was collected for the first time on the Yellow Jersey
variety at the Arlington Experiment Farm, near Rosslyn, Va., in
1917. The next year it was collected by Lauritzen in North Carolina.
Since then specimens have been collected or received from New Jer-
sey, Delaware, Virginia, Maryland, South Carolina, and Mississippi.
Inasmuch as the disease is already known in widely separated regions,
it is not unlikely that it occurs in other States. The Yellow Jersey,
Big-Stem Jersey, Triumph, and to a limited extent the Gold Skin
varieties, have been found infeeted under natural conditions. The
Triumph is the only one of these varieties grown to any large extent
in the South, and so far mottle necrosis has not been reported on this
variety except when grown in the North for experimental purposes.
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It is possible that climatic conditions may be such as to restrict its
extensive development in the South. )

No extensive losses have been attributed to mottle necrosis except
in a few fields in New Jersey and in one locality in Virginia. In
New Jersey as much as 10 to 40 per cent of the crop has been de-
stroyed on some farms, The disease occurs each year on certain light
sandy soils of the Arlington Experiment Farm, near Rosslyn, Va,
and losses as high as 50 per cent are not uncommon,

SYymMrroMs

Mottle neerosis is a field disease and is not likely to be confused
with any of the others, with the possible exception of soft rot. It
can, however, readily be distinguished from soft rot by isolation of
the fungus from necrotic tissue and usually by a microscopic exami-
nation of macerated cells.

Superficially, mottle necrosis may be quite inconspicuous. The
surface lesions (pl 12, A) vary fromn small, dirty-brown, somewhat
sunken spots (82) at the base of small rootlets to conspicuous sunken
areas of various sizes and shapes. The presence of relatively incon-
spicuous lesions on the surface does not necessarily indicate that the
decay within is small in extent.

There are three types of mottle necrosis, whicll for the sake of
convenience have been designated the band, marble, and cheesy types.
The first of these is by far the least cominon and is characterized by
a band of dead tissue 1 to 3 mm. thick, outside of and rarely penc-
trating the fibrovascular ring, extending around the potato. The
marble type (plh 12, C) is best seen in a section through the root and
1s more prevalent in late summer and early fall. It s characterized
by the irregnlarly shaped islands of necrotic tissue of various sizes
scattered more or less indiscriminately through the roots. The organ-
ism ramifies from the point of infection in various directions, forming
chambers, or pockets, which might be assumed from a casual exam-
nation to be disconnected and to have no commmon place of origin.
The tissue is dry, crumbly, and varies in color from a dark gray to
chocolate brown,

In a typical example of the cheesy type (pl. 12, B}, as found in the
field o1 as produced by artificial inoculation, the tissue is of about
the consistency of soft cheese and of a grayish color. Instead of the
fungus ramifying in many directions and forming almost isolated
pockets. large chambers with comparatively smooth walls are
produced.

All three types of decay are produced by the same organism. If
decay takes place at a relatively high temperature the marble type
will result. If the temperature is comparatively low the cheesy type
will occur.  The latter occurs in the late fall when the field tempera-
tures are rather low.

CAUSAL ORGANISMS

Inoculation experiments (77. 95) have demonstrated that three
species of Pythium, . seleroteichumn Drechsler, P. wltimum Trow,
and P. debaryanum Hesse, isolated from sweet potatoes are patho-
genic. Another species, P. aphanidermatum (Edson) Fitzpatrick,
the cause of nesting in beans in transit (94), was proved to be a rapid
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grower, a virulent parasite of sweet potatoes, and to produce typical
mottle necrosis. Species from other hosts have been tried on sweet
potatoes, but the results were somewhat doubtful. Attention should
be called to the fact that P. witimwm, the species mostly responsible
for rootlet rot of sweet potatoes, is the one commonly 1solated from
niottle-necrosis potatoes in the field.

PATHOGENICITY

No detailed account need be given of the hundreds of inoculation
experiments conducted to prove that several species of Pythium may
cause mottle necrosis. Two of these, P. ultimuwm and P. sclerotei-
chum, stand out conspicuously with respect to their prevalence. All
varieties of sweet potatoes have been infected artificially, although
only a few (Yellow Jersey, Triumph, Big-Stem Jersey, Gold Skin,
and occasionally Belmont) are infected naturally in the field. The
results, however, show that all varieties are potential hosts to these
parasites.

A study of the relation of temperature to infection and extent of
decay caused by Pythiwm wultimwm in incubators with controlled
temperature showed that the optimun temperature for the growth
of the mycelium in pure cultures on corn-meal agar is approximately
32° (., but the greatest prevalence of decay occurred at a temperature
of 12 to 15° C.

DISSEMINATION

So far as known, there is nothing distinctive about the dissemina-
tion of Pythium. Species of Pythium occur in almost every soil
and on a great variety of hosts, and to find them in any soil or on any
plant parts would occasion no surprise. Pythium rootlet rot occurs
every year to a greater or less extent in the hotbed, so that even
though it did not occur in the field it would be introduced there with
the plants. It must not be assumed, however, that the planting of
sprouts infected with rootlet rot will be followed by mottle necrosis
in the field. Diseased sweet potatoes would probably not be em-
ployed for seed, and if they were they would not transinit the disease,
since it has been shown that Pythium survives only a short time in
decayed sweet-potato tissue.

ROOTLET ROT

Rootlet rot is primarily a disease of the rootlets (pl. 12, D) in the
seed bed, although the causal organism (Pythium ultimum Trow)
can be isolated frequently from the small roots of plants in the field
throughout the entire growing season. Rootlet rot causes the death
of 1 to 8 centimeters of the root ends and is often associated with
Rhizoctonia both in the hotbed and in the field.

Rootlet rot occurs in almost any type of soil, but is worst in fairly
wet beds containing a considerable proportion of organic matter,
It may occur, however, in beds made of almost pure sand.

Its causal organism (Pythiwm ultimum) is one of the species caus-
ing mottle necrosis. Occasionally other species of Pythium are iso-
lated from the decayed root ends. '

A careful examination of 21 varieties of sweet potatoes in the
hotbed showed that the disease occurs on all of them (76), but not to
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the same degree. The varieties can be divided roughly into three
roups, according to the degree of infection, as follows: Severely
infected—Big-Stem Jersey, Key West Yam, Creola, Yellow Jersey,
Nancy Hall, and Porto Rico; moderately infected—Red Jersey, Bel-
mont, Triumph, Yellow Yam, Gold Skin, Dooley, Haiti, Dahomey,
Red Brazil, General Grant Vineless, Pierson, and Southern Queen;
slightly infected—Pumpkin Yam, Yellow Strasburg, and White
Yam. This classification is based on an estimate made when the
plants were set in the field. Several varieties classed as moderately
infected were on the border line of the slightly or severely infected
ITOUPS.
& It ]is interesting to note that one of the varieties (Triumph) that is
very susceptible to mottle necrosis is classed as only moderately sus-
ceptible to rootlet rot. Under field conditions, on the other hand,
such varteties as Pumpkin Yam, Yellow Strasburg, and White Yam,
while very susceptible to rootlet rot, are not susceptible to mottle

11eCrosis.
SCLEROTIAL BLIGHT

GEOGRAPIICAL DISTRIBUTION AND EcoNoMI¢c IMPORTANCE

Selerotium rolfsii Sace, causes diseases of a large variety of crops
besides sweet potatoes in the United States (131, 181, 1}5,63), as well
as in the tropical and semitropical world (24. 205, 161). Many of
these crops are grown in rotation with sweet potatoes, and most of the
soil n the southern part of the sweet-potato belt is infested.

The losses to sweet potatoes cansed by Sclerotiven rolfsii are rve-
stricted mostly to the seed bed, although a few cases of injury in the
field have been noted by Peltier in southern Alabama. It is not sur-
prising that the organism should attack the plants in the field, in
view of the fact that the fungus is parasitic on many other crop
plants (43, 44, 776, 169) under similar conditions. Observations
made on this disease in seed beds, as well as experiments with the
fungus in the greenhouse, indicate that the organism causes most
damage at high temperatures and a relatively ligh humidity.

Sclerotial blight is quite common in the open seed beds in Florida,
Texas (74), Alabama, and Mississippt (/26), and in most if not all
of the Gulf Coast States, especially following periods of rainy
weather. There are, nevertheless, rainy periods in the spring with
high temperature when the fungus sprezlc{s from centers in the beds
and kills the plants in spots of considerable size.

In many places in the Southern States the plants are forced by the
application of heat beneath the plant bed, the heat and moisture being
increased by a covering of canvas or by other means. Selerotium
rolfsii flourishes under snch conditions, and in some seasons it may
cause considerable loss. In tlie covered beds there may be many in-
fection centers from which the fungus spreads. The removal of the
canvas or covering at least a portion of the day, thereby lowering
the nmmidity, will reduce the loss somewhat.

O. C. Boyd advised the writers by correspondence that in Georgia
Sclerotiwm rolfsii may cause a storage rot of sweet potatoes in banks
when the water seeps in and wets the potatoes. The writers have in-
fected the fleshy roots by artificial inoculation.
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SoiL Rot

Progressive stages in the development of the disease are shown from A to E. Note at C the con-
striction near the center of the root
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DiseASES CAUSED BY PYTHIUM SPP.

A, Baterual symuptomus of mottle necrosis (caused by Pythiwm adtimum and P2, scleroleichum),
B, Cheesy type of deeay of mottle necrosis.  Co—~Marble type of 1uottle necrosis with indica-
tions of the band type. D.—Rootlet rot {(caused by . ultinuwm)
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SCLEROTIAL BLIGHT (SCLEROTIUM ROLFSII)

A.—These plants were i noculated by placing mycelium in the soil about them. They were
then held in an inoculation chamber with a high humidity and high temperature. B.—
Half of 2 wounded sweet potato; the cut surface is partially decayed with Sclerotium rolfsii.
Sclerotia are produced in abundance
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RHiZOCTONIA ROT (CORTICIUM VAGUM)

A and B.—Conspicuous caukers on the roots and nunderground portions of the stem. C.—Basidial
stage on the upper portion of the stem
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Although sclerotial blight may oecur on sweet potatoes in the field,
it is generally of no consequence under such conditions, the greatest
loss beingr restricted to the seed bed. Tt has never been observed in
storage honses, and it probably does not eause much damage there.
The potatoes arve diflicult to infeet artificially, although in the lotbeds
the myeelium has been found repeatedly on the mother potatoes,

SYMPTOMS

Selerotial blight on sweet potatoes in the seed bed nsually begins
as small infection centers during wet warm weather. The stems of
the plants are rotted away just at, or below, or above the soil, the
fungus producing a soft brownish rot resembling in general appear-
ance damping off, caused by this and other fungi. The earliest symp-
toms are characterized by a yellowing of some of the lower leaves and
a stunting of the plant, which, if pulled gently, will separate easily
from the mother potato. At the bases of the stems and on the ground
about the plants a moldy growth of white mycelium 1s prodiced, in
which is intermixed a large number of sclerotial bodies in all stages of
maturity. If the plants are rather large and thick, thereby maintain-
ing an abundance of moisture about the stems and on the soil, the
mycelium grows upon the plants and over the surface of the soil,
spreading radially from plant to plant and eventually injuring or
destroving plants over areas of considerable size, sometimes several
feet in diameter.

CavsaL ORGANISM

Sclerotial blight is caused by the sterile fungus Selerotium rolfsii
described by Saceardo (750). So far as known, there is no fruiting
stage in its life history, reproduction being accompanied wholly by
means of the hyphae and the selerotia.  The hyphae are somewhat
course, the cells being 2 to 9 u by 150 to 250 p, and, according to.Hig-
ains (95), characterized by the presence of clamp connections and a
peeuliar method of branching, which he claims are valuable aids in
identifving the fungus. The sclerotia, at first white, becoming brown
with age. are more or less smooth and glossy and somewhat resemble
mustard seeds. Thay are one-half to 114 millimeters in diameter and
are coriposed of interwoven hyphae. As long as a fruiting stage is
unknown, the exact taxononue position of the fungus can not be de-
termined.  Higgins, as a result of morphological studies, claims that
the aflinity of S, rolfsii to the elass Basidiomnycetes is indicated by the
septate, binucleate mycelium and by the presence of the clamp
connections at the septa.

The infection experiments carried out by Fnlton (55), Wolf (208),
Taubenhaus (/82), Harter (77), and others elearly demonstrate that
Sclerotium rolfsii is a parasite on a number of different hosts, amon
them the sweet potato. The writers found that young sprouts o
various sizes and of different ages were destroyed in the seed beds
if hyphae and sclerotia were mixed in the soil, provided the moisture
and temperature were kept suflieiently high. Young unwounded
plants just coming through the soil were more readily attacked than
older ones, and if they were confined in an infection cage all the
plants were practically destroyed in two to five days. If, on the other

6176“—29—+4
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hand, they were left exposed to outdoor conditions or to the environ-
ment of an ordinary greenhouse infection usually did not result.

LIFE HISTORY

Seed potatoes are often covered with the mycelium of Sclerotium
rolfsiz in the seed bed, and it is doubtless by this mcans that nany
plants become infected. (Pl 13, B.) . The fungus spreads also
through and over the soil and thus comes in contact with and infects
otlier plants. L

That both high temperature and ligh relative humidity may be
necessary for the best development of Sclerotium rolfsii was suggested
by experiments in the greenhouse as follows: Sound potatoes were
bedded in small boxes filled with soil sterilized by steain for one
Liour at a pressure of 20 pounds. Before the plants came up and
after they were 3 to 5 inches high pure cultures of 8. rolfsii were
mixed in the soil. Although the humidity under greenhouse condi-
tions can not be said to be especially high, the temperature reached
from 85° to 90° F. in the daytime. No infection occurred in three
weeks. Later these same boxes were removed to an infection cage
in the same greenhouse, where the humidity was considerably in-
creased by thoroughly wetting the insidé of the boxes containiug the
plants. The cage was then tightly closed. In two days a white
mycelial growth of §. rolfsii partially covered the soil and plants,
and in two more days some of the plants were nearly rotted off at
and a little above the soil line; some had begun to topple over.
(Pl. 13. A.) By this time the coarse strands of the hyphae inter-
mixed with sclerotial bodies in all stages of maturity had spread
farther over the soil and plants.

In localities wheve Sclerotium rolfsii had been observed in the seed
beds the fungus has been found in abundance in the plants prepared
for shipment. In southern Alabama the Porto Rico variety scems to
be especially susceptible, and the Triumph much less so.

In the absence of spore forms, which in the case of Sclerotium
rolfsii appear to be lacking, the perpetuation of thc fungus must e
brought about by means of the inycelium and the sclerotia. The
sclerotial blight organism occurs quite generally throughout the trop-
ical world and as far north as the District of Columbia and Illinois in
the United States, most of which region is comparatively warm
throughout the year. Undoubtedly, in some of this territory the
fungus and its liost plants grow throughout the year. 8. rolfsi¢ also
produces an abundance of sclerotia, which are better adapted to with-
stand unfavorable weather conditions than the mycelium. The fact
that the fungus does not occur in the Northern States to any extent
niay be due, as Higgins suggests (98), to the inability of the sclerotia
to last long when brought in coutact with 1noist soil under field cou-
ditions and also, as he further points ont, to its very great suscepti-
bility to freezing when wet. 811 the other hand, 1f kept dry in a
culture tube it will grow readily when transferred to fresh media
when more than 2 years old.

RHIZOCTONIA ROT

Rhizoctonia rot caused by Corticium vagum B. and C. (Rhizoc-
{onia solani Kiihn) occurs commonly in the seed bed and has been
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found occasionally in the field. It is more prevalent in some seasons
than in others, depending to a large extent on weather conditions.

Rhizoctonia, only recently reeognized as the cause of a disease of
sweet potatoes (74), like Sclerotium rolfsii, occurs on a large number
of hosts.

GEOGRAPHICAL DISTRIBUTION AND EcoNoMIC IMPORTANCE

Rhizoctonia rot was observed on sweet-potato plants in the hot-
beds in a number of the Southern States and in New Jersey in 1915.
Since then it has been observed repeatedly on plants in seed beds
throughout the entire sweet-potato belt. Poole reported the occur-
rence of Rhizoctonia sp. on the Nancy Hall, the only one of 11
varieties bedded in the greenhouse affected. The sclerotia formed on
the surface resembled those produced on the potato. The sprouts
were not attacked. Burger (Z8) reports that Rhizoctonia caused a
damping off of sweet potatoes in Florida in the seed bed.

On the whole, Rhizoctonia rot is of no great economic importance,
although 5 per cent or more of the plants have been destroyed in
the seed bed in a few isolated cases. It has been found occasionally
in the field on' the roots of plants growing in sandy soils in Wash-
ington, Delaware, New Jersey, and Virginia, and it is probable that
it occurs elsewliere. Rhizoctonia is frequently found associated with
Pythium on the small roots and on the rootlets. The small roots are
more or less completely decayed from the tips to the main root.
Following the destruction of the small roots the plant may develop
a large number of new roots, producing a condition somewhat re-
sembling a witches’broom (95), or -as frequently happens in im-
poverished soil no new roots are formed, there being nothing left
except the central root with a few rootlets partially or entirely dead.
In either case the plants remain stunted, producing no potatoes or
only a very few small ones. :

Rhizoctonia may cause one or more cankers of various sizes on
the stem, which do not seem to develop further or cause any injury
when the plants are set in the field, as is shown by the following
experiment: Several hundred plants with one or more such cankers
were planted in the field and kept under observation during the
growing season. After six weeks the cankers had entirely disap-
peared. Observations were made again when the crop was harvested,
and no trace of Rhizoctonia injury was found.

SYMPTOMS

It is possible to identify three types of injury caused by Rhizoc-
tonia, one of which is charaeterized by the production of cankers
9 to 6 millimeters in diameter (pl. 14, A and B) on the stem. These
cankers may oceur at any place on the plant from the point of
attachment to the potato to an ineh or more above the surface of the
soil. Anpother type of injury in which there are numerous dead
spots or cankers on the rootlets sometimes occurs. What seems to
be a third type of injury, found more prevalent and destructive in
Alabama and other Southern States, is characterized by a complete
rotting away of the rootlets and even the underground part of the
stem. There has always been some question as to whether the de-
struction as represented by the third type is due to Rhizoctonia
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alone. In the rotted underground portion of the stem other fungi
were found, but Rhizoctonia was also present in considerable
abundance.

CAUBAL ORGANISM

The Rhizoctonin rot of sweet potatoes is caused by the fungus
Corticium vagum B. and C. (Rhizoctonia solani Kiihn). The basid-
ial stage has been found in a few instances in commercial beds. A
white powdery growth (pl. 14, C) characteristic of this stage was
conspicuous on the stems and lower leaves near the soil in a bed
in the greenhouse in 1917, where there was a heavy growth of foliage
and a relatively high humidity. Cultures made from the basidio-
spores produced a characteristically constricted and septate my-
celium 1dentical with that found in cultures from cankers on the
stems. (Fig. 10.)
The spore cultures
were obtained as fol-
lows: Infected plants
were brought to the
laboratory and sus-
pended in the even-
ing over a plate of
potato agar. The fol-
lowing day a small
square of the potato
agar on which spores
had germinated was
transferred to a plate
of Beijerinck’s agar,
on \\'Lich a few
sparsely branched hy-
phae were produced.
One of these hyphae
was then marked out
) in the plate and a
F1g. 10.—Mycellum Sggtuh':'nhgsz’té)&l)n stage of Corticium section of it cut out

and transferred to
another plate. By this method a pure strain, which was regarded
as equivalent to the isolation of a single basidiospore, was obtained.

The shape of the basidiospores, the character of the hyphae, sep-
tations, and other morphological characteristics of the fungus (fig.
11) are no different from those found by other investigators (130,
40) for the same fungus from other hosts. The spores are borne
singly on sterigmata of which there are four on each basidium.
The spores germinate by the development of one or two germ tubes,
a septum being laid down in the germ tube a short distance from the
spore. Large sclerotialike bodies were produced in culture, but none
liave ever been found on the host.

There seems to be a difference in the size of the basidiospores
between the strain from sweet potato and the strain studies from
the potato by Rolfs (744), who found them to vary from 6 to 13 pn
by 9 to 15 p. A number of measurements made by the writers in
which no extremes were purposely selected showed the basidiospores
from sweet potato to be somewhat smaller (3.5 to 5.5 p by 7.5 to
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9.5 p). It is probable that if extreme sizes had been looked for
considerably larger and smaller spores would have been found. It is
possible that a variation in the size of the basidiospores may be
characteristic of the fungus on different hosts.

WHITE RUST
HISTORY

The white rust due to the fungus Albugo ipomocae-panduranay
(Schw.) Sw. was first described on the sweet potato ﬁy Halsted
(61) under the title “ Leaf mold.” Since then there have been fre-
quent reports of its occurrence and distribution in the United States
and in foreign coun-
tries. It is said to be
a common parasite
on many species of
Ipomoea.

GEOGRAPHICAL DISTRIBU-
TION AND HcoNoMIC
IMPORTANCE

The white rust is
very widely distrib-
uted in the United
States and foreign
countries, having been
collected by the writ-
ers in nearly all parts
of the United States
where sweet potatoes
are grown. It is quite
prevalent in some sca-
sons, especially fol-
lowing a period of
several days of rainy
weather accompanied
by cool nights. White
rust occurs abundant- )
ly in some of the FIG'buls}dEB:xii‘ldi;érnslglﬁinrg bg‘::(ﬁ;:stggreg‘a gu;zt, l,sil(?(;v i
Southern States and
along the Gulf coast, but because of the prevailing dry weather and
warm nights it has not been very prevalent in Texas, Oklahoma, and
some of the other Western States. I% is prevalent each year in Cuba
and in some of the other islands of the West Indies. Ashby (8) re-
Forts a white rust (Albugo sp.) on sweet potatoes in Jamaica, but
ie apparently did not determine the species, and Stevenson (I171)
lists it among other fungi on sweet potatoes in Porto Rico. Nowell
}12{?) also found the same diseasc on sweet potatoes in the West

ndies. White rust has been reported in Haiti (60), in Argentina by
Hauman-Merck (97), in Brazil by Sydow (175), in Trinidad by
Rorer (146), and in Guam by Weston (206). Weston reported only
slight loss in Guam. From the published reports it would seem
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that this disease is much worse in the United States and the islands
of the West Indies than in any other part of the world. This may
not necessarily be the case, however, since its occurrence may have
been more uniforinly noted and reported from Ainerica than else-
where. In practically no case is the white rust destructive enough to
occasion any considerable loss.

SYMpPTOMS

Infection by white rust usually takes place on the under side of
the leaf, probably through the stomata, although there may be few
or many lesions (pl. 15, A and. B) on any of the aboveground parts
of the plant. Iarly infections are characterized by a yellowing
caused by a partial loss of chlorophyll about the infection court and
on the upper side of the leaf directly over it, or by the malformation
(pl. 15, B) and distortion of the leaves, petioles, and succulent stems
or by both. The discase spreads and develops rapidly when the

16, 12— Semidlagrammatie drawing of cross section of sweet-potato leaf, showing a
white-rust pustule. X 135

humidity is high and the nights cool. If such weather is followed
by warm dry days the infected leaves may be killed, dry up, and
fall off. TPustules (fig. 12) are produced beneath the surface of the
epidernis, which is finally ruptured by pressure from below, and the
spores escape.

CAUSAL ORGANISM

The organismi cansing white rust of the sweet potato was first
called Cystopus ipomoeae-panduranae by Halsted, but, in accordance
with more recent usage, it later became known as A7bugo ipomoeac-
panduranae (Schw.) Sw.

The conidia, which measure 12 to 22 by 10 to 21 p, are borne in
chains in great numbers in the pustules. (Fig. 12.)

Artificial inoculation of sweet-potato leaves gave negative results
in most cases. The experiments, however, resulted in developing
the fact that special conditions are probably necessary to bring about
infection.  One set of experiments in which the conidia from freshly
gathered leaves were smeared on the under side of the leaves of
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plants growing in the greenhouse resulted in a few infections. Other
similar experiments in the greenhouse and in infection cages where
a high huniidity was maintained gave negative results, even though
the conidia were germinated before they were sprayed on the leaves.
Plants were also sprayed with germinated conidia and placed at
temperatures of 12° to 14°, 14°, 20°, and 25° C. and held there for
36 hours, but in no case was there any infection,

On August 9, 1917, germinated conidia were sprayed on several
plants grown near Rosslyn, Va. The plants were covered for 24
hours with large glass bell jars, which in turn were wrapped in coarse
manila paper. In about 10 to 14 days there was an outbreak of white
rust in the immediate vicinity of the sprayed plants, other patches
approximately 100 yards away remaining entirely free from the
disease during the summer.

From the result of other experiments there are reasons to believe
that certain favorable conditions, especially cool nights, are necessary
for the germination of the conidia and consequent infection. Tt has
been shown by Melhus (123) and others for other members of the

)

“9 !
Q&¢L

Fie, 14.—Formation of zoo-
spores In conidia of Albugo
ipomoeoe - ponduronae and

F1g. 13.—Direct germination of the conldia of their subsequent germina-

Albugo ipomoeae-panduranae. X 1,2 natlon, X 1,200 )

AU

Peronosporaceae that chilling temperatures stimulate germination
of the conidia. The writers made no attempt to establish the mini-
mum, optimum, and maximum temperatures for germination, but
found that only rarely did the spores germinate at room temperature.
The experiments had for their object to determine whether chilling
temperatures were necessary for the germination of the conidia. It
was found that when the conidia were scraped from the leaf into
tap water and then placed at a temperature of 12° to 14° C. they
would germinate abundantly in 80 to 45 minutes. This temperature
was therefore used to test spore germination in all the other experi-
ments which followed. At all temperatures ranging from 12° to
25° germination was complete in one and one-half hours. No germi-
nation occurred in the same length of time at a temperature above 25°
or below 8.2°, although it is not unlikely that if the spores had been
held at the lowest temperatures for a longer period of time some
germination might have taken place.

The conidia sometimes germinate by the direct production of a
single germ tube (fig. 13), but more frequently 4, 6, 8, 10, and as high
as 16 zoospores were produced. (Fig.14.) All the zoospores usually
escaped from the conidia at about the same time, though occasionally
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one or two would emerge in advance of the otliers. After escaping
from the conidia the zoospores remained quiescent for a moment and
then set up a violent rolling or jerky movement. Soon thereafter
they pulled apart and swam hastily around in the water for a short
time and then rounded up and became nonmotile. The time con-
sumed by the zoospores in emerging from the conidia and in separat-
ing from each other varied from one to three minutes. The zoospores
germinated (fig. 14) in about two and one-half hours after the
conidia were placed at a temperature of 12° to 14° C,

Two whiplike flagella, fromn one and one-half to two and one-half
times as long as the diameter of the swarmn spore, are attached to it
at nearly the same place. The flagella can he shown beautifully by
staining with a dilute solution of cosin in alcohol by the following
method : Very young, active, motile zoospores should be mounted on
a microscopic slide 1n a small quantity of water. As soon as the
swarm spores separate and while they are still actively motile, pass a
little eosin in alcohol under the cover slip. In a few moments the
swarm spores come to rest, and the outline of the whiplike flagella
can easily be observed.

LEAF BLIGHT

The occurrence of leaf blight, caused by Phyllosticta batatas
(Thiim.) Cke,, is inore or less correlated with weather conditions, and
if the season 1s favorable for its development it may be preseut in
abundance. In some parts of the United States it oceurs to some ex-
tent each year, while in others it may be entirely absent, particularty
in the more arid portions of the sweet-potato growing region.

Its distribution in the United States is alimost as extensive as that
of the sweet-potato cro], the disease being more prevalent along the
South Atlantic seaboard, the region along the Gulf of Mexico, and
in Cuba. At the present time very httle is known about the distri-
bution of this disease outside of the United States. The writers
have collected it in Cuba, and Stevenson (/77) reports its occurrence
in Porto Rico.

SYMPTOMS

Leaf blight causes spots of irregular shape to nearly circular from
3 to 8 millimeters in diameter on the upper surfaces of the leaves.
(PL 16, C.) The center of the spots. which are studded with the
pycnidia, may be either light gray or cinnamon brown. The differ-
ence in color of the lesions is not regarded as significant, one color
probably being merely a stage in the (Tevelopment of the other. Both
types of spots have been found on the same leaf, and so far as the
writers have been able to determine, there is no difference in the
size and shape of the pycnidia and spots produced by them. The
spots with cinnamon-brown centers appear to be younger than those
with gray centers and develop into the latter. The spot is circum-
scribed by a slightly raised border. (Pl 16, C.) Sometimes,
though not always, the tissue for 8 to 10 millimeters outside the border
develops a decidedly conspicuous purplish color, the production of
which has been more pronounced in the southern part of the United
States and in Cuba than elsewhere. No attempt has been made to
seek an explanation as to why a purple color is developed around these
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MiscELLANEOUS LEAF DISEASES

A Sweet-potato feal showing a natural infection (white spots) by Septoria bataticola.  Note that
the center of soute spots is broken ont. B -Leaf of sweet potato, showing mosaie, ¢ Leaf
blight cansed by Phyllosticta batatas,  Note the nuimmerous pyenidia in the dead tissue of the
spots. Do Alternaria teal spot. “T'he Altermaria develops on the upper surfuce of a leaf over
tissue injured by the white rust on the under side
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MISCELLANEOUS STEM AND LEAF TROUBLES

A.—Three leaves that show progressive stages of sun scald, B.—Two plants upon which
Fuligo violacea is growing. C.—Typical example of flat fasciation
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Two RoTs CAUSED BY THE BREAD MoLD

A.—Soft rot (Lhizopus nigricansy.  1f the skin is ruptured the mycelium develops on the
surface, producing nunterons sporangia, 3. ~Ringrot (£2, sigricans).  The point of infec-
tion is somewhere between the tw o ends of the potato, and the progress of the decay isinthe
form of a cotlar
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ots or why it is more pronounced at some places than at others.
Sp ome of the sweet-potato varieties grown in the South apparently
contain a considerable quantity of anthocya,mn, if one may judge
from their purple stems and petioles. If such is the case, it is
possible that the purple band may be the result of the destruetion
by the fungus of the chlorophyll, which normally masks the
anthocyanm

CAUSAL ORGANISM

The cansal organism was first described by Thiimen® as Depazea
batatas from specimens collected in South Carolina and later by
Cooke and Ellis (32) as Phyllosticta batatas, also from material
collected in the United States. Cooke indicates that the fungus de-
scribed by himn is the same as the one described by Thiimen. Ellis
and Martin (53) in 1882 described the fungus as P. bataticola, which
Lllis and Everhart (52) regarded later as synonymous with P. batatas.
The pyenidia are more or less dome shaped ‘and vary in diameter
from 100 to 125 u.
The hyaline onc-celled spores are ovate, oblong, or kidney-shaped
(fig. 15) and niay or may not contain one or two oil dloplets
Phyllostictas, evidently saprophytes or
secondary invaders, are commonly found on
leaves and dead and moribund vines, as well
as on stems, injured by the sun, white rust,
or other agencies. In some cases the spores
are both shorter and narrower than those
of P. batatas, while in others they are about .
equal in length and much narrower. The
following measurements of what appear to Fic. 15.—Conidia of Pht
be saprophytic forms show the variation e patataes
in the spores from the different sources:
Cuba, dead sunburnt areas on the leaves 2.6 to 41 by L7 to
2.6 u; Florida, 5.8 to 10.0 by 1.7 to 8.1 u; the upper surface of the
leaves from New Jersey over an area injured by white rust, 5.2 to 6.9
by 2.6 to 3.4 p.  On the other hand, the spores of . bwtwtas eollected
from different sources measured as follows: Virginia, 5.1 to 8.5 by
2.5 to 4.2 p; Georgia, 3.4 to 9.3 by 2.6 to 5.8 u; uba, 5.2 to 8.6 by
28 to 4.1 p
Phyl7ostzofa batatas does not cause enough damage to require
remedial measures. So far as known, it has no other host. Nearly
all, if not all, varieties of sweet potatoes are susceptible to the disease.

MINOR FIELD DISEASES

SEPTORIA LEAF SPOT

Septoria leaf spot, caused by Septoria bataticola Taub., is of little
or no economic importance. It is widely distributed in the United
States, and has been reported by Bruner (I7) from Cuba and by
Carpenter (23) from the Hawalian Islands. Septoria leaf spot is
characterized by small spots 2 to 5 millimeters in-diameter with white
centers scattered more or less indiseriminately over the upper surface

o THUMEN, F. VON. MYCOTHECA UNIVERSALIS, [Exsiccati] No. 598. 1876.
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of the leaf. (PL 16, A.? The grayish white center in which is
buried one or more pyenidia is surrounded by a brown border. The
pycnidia are black and so minute as to be scarcely visible to the un-
aided eye. Usually only one pycnidium is present, though occasion-
ally there may be two or more.  According to Tanbenhaus (777) the
pyenidia vary in diameter from 70 to 130 . The spores are hyaline,
3'to T septate, curved, rarely straight, and neasure 8.5 to 60 by 1.0 to
1.7 o (Fig. 16, C.)

Septoria bataticola occurs mostly on the mature leaves of sweet
potatoes and makes its appearance in June or later, the date of ap-
pearance, however, depending on weather eonditions and the geo-
graphical location. Septoria leaf spot las not been reported from
any foreign country except Cuba. It is never serious enough to
vequire remedial measures.

ALTERNARIA LEAF SPOT

A species of Alternaria is commonl{ found on the leaves of sweet
potatoes, but it is difficult to say to what extent it is respousible for
the dead spots in which
it ocaurs. Attenpts to
infect leaves artificially
with pure cultures of
the organism have all
given negative results.
It is Dbelieved that the
fungus is usually a see-
ondary invader and
gains entrance through
wounds or tissues de-
bilitated from the action
of other fungi. On the
other haud, it has been
easy to isolate an Alter-
i 6 TDors o Coliomertun fromotics maria from dead spots
of Septoria bataticole. X 1,200 of a certain tyl)l‘ ol
sweet-potato leaves.
Plate 16, D, shows a leaf with several characteristic Alternaria
spots from which the fungus was isolated in pure culture. Infec-
tions of this type usnally occur on the older leaves about the
center of the hill. A number of leaves are usually attacked in a
similar manner, indicating that it probably spreads from a primary
infection.  So far as could be determined, there was no injury to
the leaves which would serve as g sonrce of entrance for the fungus.
The well-known white-rust fungus, A/bugo ipomoeac-panduranae,
the pustules of which are restricted largely to the lower surface of
the leaves, injures the tissue so that there is a loss of chlorophyll
and a general debilitation of the leaf. On the upper surface of the
leaf above such spots an Alternaria frequently gains a foothold,
producing a brown spot of dead tissne with several coucentric rings.
(PL 16, D.) An Alternaria has also been isolated from other types
of spots, as, for example, Phyllosticta spots and from spots presum-
ably produced by sun scald. The evidence seems to indicate that the
Alternaria enters wounds or lesions, and after it once gains a foothold
it is able to continue its development and invade liealthy tissue.
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RUST

Rust (caused by Coleosporium ipomioeae (Schw.) Burr.) has been
reported (5, 6) on sweet potatoes in some of the West Indies, in
Haiti (60), in Guatemala, and in Mississippi and Mexico. There
is no record of its occurrence outside of the Western Hemisphere.
It is probably common in the Tropics. Rust has also been reported
on a number of species of Ipomoea in various parts of the United
States (4), from New Jersey to Illinois and Kansas, southward to
Ilorida, the West Indies, and Central America; also in South:
Amcrica. The type locality is North Carolina, where it is found on
Ipomoea triloba.

Rust is not regarded as a serious disease of the sweet potato.
According to Stevens (767}, it is common but usually not destructive
on sweet potatoes and other species of Ipomoea.

Only two stages (5) of this rust are known, the uredinial and the
telial. These two stages are described as follows:

Uredinial stage.~—Uredinia hypophyllous, widely scattered, or somewhat clus-
tered, 0.25-1 millimeter across, early naked, orange-yellow fading to white,
ruptured epidermis usually inconspicuous; urediniospores ellipsoid, 13-21 by
1827 x, more or less angular and irregular; wall thin, 1-1.5 x, closely and
noticeably verrucose. [Fig. 16, A.]

Telial stage.~—Telia hypophyllous, widely scattered, often confluent, pulvinate,
0.5 millimeter or less across, deep reddish orange, fading to pale yellow;
teliospores with wall swelling 2040 g above; coutents orange-yellow fading
to colorless, oblong, or slightly clavate, 19-23 by 60-80 u, rounded or obtuse at
Lioth ends.

Although this organism has been identified from a number of dif-
ferent species of Ipomoea, the writers are of the opinion that the
one occurring on /. hederacea, for example, is different, at least bio-
logically, from the one reported on the swcet potato. [. hederacea
occurs very commonly in sweet-potato fields in a number of States.
It has been observed on numerous occasions with many rust pustules
on the leaves of plants growing among sweet potatoes, but no infec-
tions of the sweet potato have ever been noted. In fact, the writers
have never seen a Coleosporium on sweet potatoes in the United
States, and it has never been reported to occur on them, cxcept once
in Mississippi. In view of the prevalence of many of the Ipomoeas
on which it occurs in the regions where sweet potatoes are grown, it is
surprising that it does not occnr on the sweet potato. A study of the
pathogenicity of this rust from different hosts might give indications
that they are at least biologically different.

Coleosporiwm ipomoeae 1n Porto Rico, at least, is parasitized by
Monosporiwm uredinicolum Stevens, and according to Stevens (168)
each rust sorus at the time and place where he collected material was
overgrown with this fungus. The hyaline mycelium was found cov-
ering the sori and growing in and around cach rust spore.

Monosporivm uredinicolum is described as follows:

Mycelium floccose, byssoid, forming white, moldy spots 1-2 milllracters in diam-
cter over each rust sorus. Hyphae hiyaline, septate, very sparsely dichotomously
branched. Conidiophores indistinguishable from the mycelium, simple or

sparsely dichotomously branched. Spores [fig. 16, B] acrogenous, solitary or
rarely catenulate, 12-15 p hyaline, continuous, c¢ylindrical, obtuse at each end.
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CERCOSPORA LEAF SPOT

In 1904 Zimmerman (211) described a species of Cercospora, C.
batatae Zimm., occurring on sweet potato in Africa. Since then it has
been reported from Brazil (10), China (142), Japan (99), and the
Philippine Islands (203). Stevenson (172) reports the organisin as
causing irregular dark-brown leaf spots on /pomoea batatas in Tan-
%anyiku, Indo China, Japan, Formosa, and the Philippine Islands.

runer (17) mentions a Cercospora sp. on sweet-potato leaves in
Cuba which may or may not be the same as the one described by Zim-
merman and reported by other mycologists from parts of the the
Eastern Hemisphere. (y batatae, according to Zimmerman, forms
dark-brown, somewhat light-centered spots from 4 to 8 millimeters in
diameter. They are somewhat rregular in shape, being linited by
the finer veins of the leaf. Zimmerman deseribes (. batatae as
follows:

Die Konidientrilger dieses Pilzes brechen in grosser Anzahl aus den Spaltoff-
nungen der Ober- und Unterseite des Biattes hervor; sie sind meist mit 2
Querwiinden verschen, heilbrituniich, 3545 mik. lang und 45 mik. breit. Die
Konidien sind zylindrisch, am Vorderende
etwas verschmitiert, hifufig gebogen, hyalin
oder sehr heil brituniich gelbiich, mit 4-6
Querwiinden, 60-100 mik. lang und 34
mik. breit.

According to Reinking (1}3) Cer-
cospora batatae caused severe damage
to sweet potatoes in southern China
in 1919, producing spots nearly black
extending through the entire leaf.
Up to that time the disease was not
known in the Philippine Islands, but
since then Welles (203) reported a
species of Cercospora, whiclh he sus-
pected to be C. batatee, on the leaves
of sweet potatoes grown on the
erounds of the Department of Agri-
cnlture, Los Banos, P. I., and in
China (204). R. D. Rands has in-
formed the writers that C, batatae
caused considerable damage to sweet

»otatoes in Java, the disease being
worst during the wet season, ané as a consequence the crop is grown
only to a very limited extent during the dry season. The disease
was reported from Florida in 1923 (78), but it has never been re-
ported from otler States, indicating that it is likely to be more or less
restricted to tropical or subtropical clunates. It is also possible that
the Cercospora occurring in Florida is not the same species as the one
ocenrring in South Africa or in China, since a comparison of the
fungus from Florida with the description of C. batatae reveals cer-
tain morphological differences. . batatae is described as having
spores 60 to 100 p long, 3 to 4 p wide, and 4 to 5 septations. The
spores of the Cercospora from Florida on the other hand were 50 to
150 p long, 4 to 5 u wide, with 7 to 14 septations. (Ifig. 17.)

The disease is not generally regarded as serious, but Welles (204),
who noted considerable damage caused by 1t in one or two localities in

1@, 17—Conldla of Cercospora batatae.
X 1,200



STUDY OF SWEET-POTATO DISEASES AND THEIR CONTROL 61

the Philippines, recommends spraying once in every two weeks with
Bordeaux mixture, when the application of control measures 1s
necessary.

SCLEROTINTA

A species of Sclerotinia has been reported only a few times to cause
a disease of sweet potatoes. Poole, in New Jersey, found a Sclero-
tinia similar to S. ménor Jagger, causing a damping off of several
hundred sprouts of the Vineless Yellow Jersey in a seed bed in a
greenhouse. The sprouts were very thick, so that a relatively high
humidity would be maintained about the stems at the surface of
the soil.” Numerous small sclerotial bodies were found on the plants,
but no apothecia. A Sclerotinia has been reported on sweet potatoes
from Formosa (160).

MACROSPORIUM FOOT ROT

Taubenhaus (784) in 1925 described a disease of sweet potatoes and
tomatoes due to Macrosporium solani E. and M. which causes deep
dark lesions at the foot of the plant similar to the injury caused by
Rhizoctonia and which in severe cases causes the plant to break over.
Taubenhaus demonstrated by inoculation experiments that the organ-
ism isolated from either sweet potatoes or tomatoes would cause a
similar discase of either crop. This disease is not prevalent on sweet
potatoes, although it has been observed in Delaware and Texas by
Taubenhaus, It is not unlikely that it may occur elsewhere.

OTHER FUNGI REPORTED

A Cylindrosporium, C. baker: Syd., was reported by Weston (206)
from the Philippine Islands. Ideta (99) reports Helicobasidium
mompa N. Tanaka from Formosa, and Shirai (160) Hypochnus cen-
trifugus (Lev.) Tul. and H. sasakii Shir. from the same country.
A Macrophoma, M. edulis ’Almeida, was reported from the Azores
by d’Almeida (4), and Marasmius saccher:i Wak. from the West
Indies by Nowell (728). An unknown species of Marasmius was re-
ported from Barbados (2) and from New Zealand by Kirk (105).
Two species of Meliola, M. clavulate Wint. (166) and M. ipomoen
Earle (170), have been reported from Porto Rico.

Other fungi reported are Schizophyllum commune Fr. and Sclero-
tiwm sp. by Reinking from the Philippines (143), Sclerotinia liber-
tiana Fuckel, and Tﬁz’elam'opsis ethaceticus Went, from Formosa by
Shirai (160), and Vasculomyces wanthosoma Ashby from Jamaica
(8). Sawada (752) reports the following fungi occurring on sweet
potatoes in Formosa: Helicobasidium mompa Tanaka, HYpochnus
centrifigus (Lev.) Tul., H. sasakii Shir., Selerotinie libertiana Fuckel,
Nothing is said as to the damage caused by these organisms. In
South Africa Doidge (37) lists the following diseases: Brack injury,
scab (Actinomyces sp.), and two storage rots due to Fusariwm sp.
and Rhizopus nigricans, in Cape Province; leaf spot (Cerospora
sp.) in Natal; and the phanerogamic root parasite, Striga oroban-
choides, which destroye£ large patches of plants in the Transvaal.
A wet mold (Chenophora sp.) was reported from Florida by Burger
(18). Stevenson (7172) reported Ramularia batatae Rac. as causing
angular dark-brown to brown leaf spots on /pomoee batatas in Java.
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SLIME MOLDS

Slime molds are common on stems, petioles, and leaves of sweet-
potato plants in the hotbed (pl. 17, B), Spgirticularly in beds under
glass W%ere the foliage is very dense. Slime molds have been col-
lected on numerous occasions and reported by other investigators
from various parts of the United States (134, 183, 185). §hme
molds can not be regarded as parasitic on sweet potatoes. They
may appear in spots of various sizes quite suddenly in the hotbed
if the temperature and relative humidity are high. The leaves on
which they grow are sometimes dwarfed and slightly distorted, prob-
ably as a result of the interference in the normal photosynthetic
activity of the plant. They often develop so abundantly that the
entire surface of the leaf and petiole is covered. ,

These slime molds produce a cottony, white, yellow to purplish
slimy coating on any of the aboveground parts of the plant. In a
short time the jellylike mass changes to a brownish powder, consisting
largely of spores, which may be liberated and carried about by the
wind or other mechanical means.

Two different slime molds have been reported on sweet potatoes,
Fuligo violacea Pers. and Physarum plumbewm Fries. F. wviolacea
is the organism most frequently found, although P. plumbeum has
been reported from Alabama, Arkansas, and Delaware.

MAJOR STORAGE DISEASES

The quantity of sweet potatoes stored each year can be only
roughly estimated. Approximately 84,000,000 bushels were pro-
duced 1n 1926, and it is probable that about 30,000,000 to 40,000,000
bushels were placed in storage, the remainder having been sent to
the market when dug or consumed locally. It is likewise difficult
to estimate with any accuracy the quantity of stored potatoes lost
each season due to the several storage-rot organisms. The losses
in recent years are doubtless less than formerly, owing to the fact
that improved methods of handling and storage have been practiced.
The installation of modern storehouses throughout the country and
the increased knowledge of how to operate them have resulted in
a great reduction in the amount of loss. In spite of recent progress
in storage-house construction and operation, the annual loss prob-
ably reaches 5 to 40 per cent of the crop stored. Manns (Z18) esti-
mated the loss in storage to be 20 per cent in Delaware, while
Neal (726) and Elliott &8) calculateg it to be 25 and 30 per cent
in Mississippi and Arkansas, respectively. If the losses in these
States are representative of those in other States, they amount to
many millions of dollars annually. Very little literature is pub-
lished regarding the storage of sweet potatoes in foreign countries or
the losses there. Sweet potatoes are stored to some extent in Japan,
but very little information is available regarding the loss sustained
in storage in that country.

In the United States three general methods are employed in the
storage of sweet potatoes—in banks, in cellars, and in specially con-
structed houses. The bank method, which has been long in use,
consists in heaping the potatoes in a pile out of doors and covering -
them first with pine needles, straw, cornstalks, or similar.material,
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and then with 4 to 6 inches or more of dirt. The covering must be
sufficient to protect the potatoes against freezing. In some cases a
box about 6 inches square with numerous holes bored through the
sides is placed on end in the center of the pile to serve as a means
of ventilation. This device, however, is not always nsed.

Instead of storing in banks, many growers have used, and still
use, a cellar. The cellars are not always well ventilated, and conse-
quently heavy losses often result. VVitK the expansion of the indus-
try and the increase in knowledge of the principles underlying the
storage of sweet potatoes there developed the modern storage house
in which these principles could be applied. . Plans for the construc-
tion of an up-to-date storage house can be obtained from the Bureau
of Public Roads, United States Department of Agriculture, Wash-
ington, D. C.

Although any one of the above methods may be used for storing
sweet potatoes, the storage house is the most uniformly successful.
Even in the dirt bank, sweet potatoes frequently keep very well. The
success with which they are kept in banks, however, depends ve
much upon the condition of the potatoes when they are harvested.
Barre (13), as a result of experimental evidence, concluded that it
is safe to store in banks in South Carolina, provided the potatoes
are free from disease when stored and the ban?{s are properly made.
However, in spite of the occasional success in bank storage, the
losses one season with another have been so large that the intro-
duction of the modern storage house has been inevitable.

For convenience in presentation the diseases of sweet potatoes in
storage will be considered separately, the more important ones being
taken up first.

About 50 species of fungi have been isolated from decayed sweet
potatoes. A considerable number of them were found to be sapro-
phytes that gained a foothold in lesions made by some of the para-
sites. In fact, it has been found that certain saprophytes frequently
gain a foothold after the parasite has died. Frequently several dif-
ferent species of fungi can be isolated from the same decayed potato,
which suggests that the only sure way of determining the parasite
is to make isolations and then inoculate with the different fungi
from pure cultures. This has been done with a large number of
arganisms, and 17 were found capable of causing decay in sweet
potatoes (89) under suitable conditions. To these a number of
other species can now be added. Only a few species are important
as producers of storage rot, the others being found only under con-
ditions especially favorable for their development. It 1s interesting
to note that some of these organisms that are rarely met with under
natural conditions cause decay only when they are removed from
the competition of other fungi.

SOFT ROT AND RING ROT

Soft rot and ring rot are caused by a group of closely related
fungi belonging to the genus Rhizopus and especially to the species
nigricans. t&i‘he most common species and the two cansing most of
the soft rot in storage are Rhizopus nigricans Ehrb. and R. tritici
Saito (108), the former at temperatures between 6° and 20° C, and
the latter at 30° and above, the two overlapping between 20° and
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30°. Seven other species of Rhizopus—namely, 2. artocarpi Racib.,
R. delemar (Boid.) Wehmer and Hanzawa, R. maydis Bruderl., £.
nodosus Namysl., R. oryzae Went. and Pr. Geerligs, B. reflewus
Bainier, and &. arrhizus Fischer—were found to cause soft rot also,
but they were unable to compete with Z. nigricans at temperatures
of 12° to 18°. Two other species, R. chinensis Saito and . micro-
sporus Van Tieghcm, were studied and found incapable of decaying
sweet potatoes (90). The decay caused by the different species was
identical so far as macroscopi¢ appearances were concerned. Soft
rot is the most common and destructive of the storage-rot diseases.
R. migricans occurs in all storage houses and when conditions are
favorable causes enormous losses. The so-called soft rot begins at
one of the ends of the potato, occasionally elsewhere, and progresses
rapidly through the healthy tissue. Only four to six days under
favorable conditions are required to complete the destruction of the
entire potato, experimental data having shown that after decay has
once started it will continuc, though it is slightly retarded in an
atmosphere almost entirely free from moisture.

The potatoes are at first rendered very soft and stringy, water
often dripping out of the potato when it is broken open. Soft rot
has a characteristic mild yeast odor at first, followed by a wild-
rose to rose-geranium odor later. At the outset the color of the
tissue is not changed, but later it becomes cinnamon to chocolate
brown. If the skin of a decayed potato is ruptured, the sporan-
giophores and sporangia devclop in grcat numbers from the exposed
tissue. (Pl 18, A.) On the escape of moisture the potato dries up,
finally becoming dry and mummified. Observed in this stage it is
often classed as dry rot.

Soft rot often scts in soon after the potatoes are put in storage
and continues morc or less throughout the entire storage period,
depending largely upon the condition of the potatoes when they are
harvested and on the management of the storage house. Soft rot is
largely a storage trouble, though it is occasionally found in the field
at digging time in wet soils, especially those containing considerable
organic matter.

Ring rot differs from soft rot only in that the infection occurs
at onc or more places between the two ends. It progresses around
the potato, formlnf a ring or collar by the drying out and subsequent
shrinking away of the rotted tissue. The extent of the rot varies,
being in some cases 1 or 2 inches in width, and it may extend one-
half inch in depth or entirely through the potato. (PL 18, B.) The
diseased tissue may dry up after the ring has been completed and
the rot make no further progress, or it may advance toward the two
ends and finally complete the destruction of the entire potato. As
many as three such rings have been seen on one potato. Ring
rot was first said to be caused by Nectria ipomoeae (65), but was
later shown by Taubcnhaus (777) to be caused by Rhizopus nigricans,
the fungus usually responsible for soft rot under storage conditions.

In view of the general prevalence and wide distribution of
Rhizopus nigricans 1t is doubtful whether dissemination over an
great distance is ever necessary to .insure infection. Even though
the storage house has been thoroughly cleaned and disinfected, many
of the spores doubtless are carried into the house with the potatoes,
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where they remain dormant until conditions ate favorable for germi-
nation. If infection results, as it may in even the best-kept houses,
the spores may be formed in great abundance on the surface of the
decayed potatoes, from which they are borne to others. There are,
therefore, many chances for infection. In spite of the fact that this
organism causes enormous losses in storage houses, it has been very
difficult to obtain infection by inoculation. It has been demon-
strated that infection will not take place through the unbroken
skin, but that a wound of some sort must be provided. As a matter
of fact, it has been demonstrated that infection will not always
result when the spores and hyphae are smeared on a fresh wound.
Rhizopus produces an enzyme pectinase (86, 87) which dissolves the
middle lamellae aud thereby aids in infection. Infection, therefore,
results more readily if the spores are first germinated in soine
nutrient medium, such as sweet-potato decoction, in which the
enzyme is abundantly produced.

Investigations have shown that infection rarely takes place except
through fresh wounds. Studies by Lauritzen and Harter (770) have
demonstrated a rclationship existing between the temperature and
humidity at which the potatoes are held and of their susceptibility to
infection; i. e., if wounded, the potato is liable to infection, provided
certain other conditions, such as a suitable temperature and humidity,
are present. The optimum humidity for infection is not necessarily
the higlest possible humidity. At 23° C. a larger percentage of
infection occurred at a relative humidity of 75 to 84 per cent (the
optinum) than at 93 to 99 per cent. At this temperature the per-
centage of infections decreased as the relative humidity was raised or
lowered. The conclusions to be drawn fromi these results are (1)
that fresh wounding is necessary to infection and (2) that infection
of freshly wounded potatoes is not so apt to occur at relative humnidi-
ties of 93 to 99 per cent as at humidities somewhat lower; as, for
example, 75 to 84 per cent.

According to Lauritzen and Harter (109), the time required for
infection of wounded sweet potatoes by Rhizopus varies from five
to seven days at 9° C. to 43 hours and less at from 18° to 32°. The
time varies according to the extent of wounding. The six species
studied by them were roughly placed in high (R. tritici, R. oryzae,
R.maydis) and low (R. nigricans, R. reflexzus, B. artocarpi) tempera-
ture groups, according to their temnperature responses. The optimnm
for the high-temperature group varied from 32° to 35°, the maxi-
mum was about 42°, and the minimum 4.5° to 9°. The opti-
mum for the low-temperature group varied from 18.5° to 24°, the
maximuni froin 30° to 34.5°, and the minimum from 3.4° to 12°. The
extreme temperatures over which infection would take place were
between 3.4° and 42°.

Investigations niade by the writers have shown that all the varie-
tles studied are more or less susceptible to infection by the different
species (88) of Rhizopus. With respect to the readiness with which
they decay, it was found that the varieties can be divided into three
groups—these that are very susceptible (Gold Skin, Yellow Jer-
sey, Belmont, Red Brazil, Haiti, Yellow Yam, and Dooley),
those that are quite resistant (Nancy Hall and Southern Queen), and
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those that are intermediate between the first two (Porto Rico, Big-
Stem Jersey, Triumph, Pierson, Florida, and Dahomey). It seems
to be quite generally agreed that the Southern Queen keeps well in
storage, but not all the investigators have agreed with respect to the
Nancy Hall. Some detailed work carried out by Lauritzen, in which
the extent of decay at the end of a certain period was actually mecas-
ured, shows that Nancy Hall is not so resistant as the results of inves-
tigations by the writers seem to indicate.

BLACK ROT

Black rot, caused by Ceratostomella fimbriata (E. and Hals.) EllL
is both a field and a storage disease. The characteristic symiptoms of
this disease in the field have been detailed elsewhere (pp. 21 and 22)
and will be reviewed here only so far as it is necessary to show its
connection witl the decay in storage. The morphology of the causal
organism, its distribution, mode of dissemination, and prevalence are
given under “Field diseases” (p. 24). Black rot frequently causes
very large losses in storage houses, and especially if the disease occurs
in the seed bed and in the field.

If black-rotted potatoes are bedded, the slips produced from them
are likely to have black rot. If such plants are set in the field the
potatoes produced may have black-rot lesions on them, and it is on
these infected potatoes that the discase is carried from the field into
the storage house. A large number of black-rot infected potatoes is
observed in the field only in case of a severe epidemic. However,
there may be a large number of infections too small to be seen with
the unaided eye which gradually enlarge in the storage house and at
the end of four to six wecks attain a diameter of an inch or more.
The rapidity with which the spots enlarge depends upon the condi-
tion of the storage house, largely with respect to temperature and
humidity. Black rot develops very slowly at a temperature below 10°
and above 35° C., the optimum, maximum, and minimum tempera-
tures (106) for infection and the development of the discase being
23° to 27°, 34.5° to 36°, and 9° to 10°, respectively. The rate of
development of an infection is very slow between 6° and 14°, but it
increases very rapidly above 14° until it reaches a maximum between
23° and 27°. The number of infections is governed by the temper-
ature which prevails during the early stages of infection (11 days).
Plate 5, A and B, shows two photographs of an infected potato before
and after it had been maintained for two months at a temperature
of 10° to 13°,

. The black-rot fungus may be disseminated from potato to potato
in the storage house in several ways. This organism, as previously
pointed out, develops perithecia in which are formed myriads of
hyaline one-celled spores, which exude from the end of the fimbriated
beak in a slimy mass and thence may be borne on the bodies of in-
sects, by rodents, or similar agencies to other potatoes and thus start
new infections. It is probable that the spores may be scattered about
the storage house by air currents, by the settling of the potatoes in
the bins, and by other means, such as handling the potatoes in
preparing them for the market, ‘
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JAVA BLACK ROT

Java black rot, caused by Diplodia tubericola (E. and E.) Taub.,
is very widely distributed, and the total loss caused by it is large.
Sweet potatoes infected with this organism have been received from
Cuba, Isle of Pines, the Philippine Islands, Japan, Porto Rico, South
Ainerica, and other countries. It has been collected in every part
of the United States where sweet potatoes are grown. The disease
causes great loss in the Tropics and in the southiern part of the United
States. Sarmiento (/57) has shown that in the Philippines insects
may be partly responsible for the distribution of Diplodia.

Java black rot was first observed in 1896 by Clendenin (28) on
sweet, potatoes sent to the Louisiana Agricultural Experiment Sta-
tion from Java. From what is known at the present time, it is likely
that this disease was common in this country long before that time;
probably it has been common as long as sweet potatoes have been
cultivated, since it has been shown that various species of Diplodia
occurring on different hosts will infect sweet potatoes.

Harter (73) showed that Diplodia tubericola from the dasheen
(Colocasia esculenta), 1. gossypina Cke., D). maclurae Speg., and
Diplodia sp. from mango (Mangifere indica) will produce a rot of
sweet potatoes identical with that prodnced by D). tubericola isolated
from sweet potatoes; it has also been found (779) that D. natalensis
Ev. and Lasiodiplodia nigra Appel and Laub. will cause a rot of
sweet potatoes similar to the rot caused by D. tubericols. Further
evidence of theé cosmopolitan nature of these organisms has been
published by Meier (722), who found that D. tubericole from the
sweet potato would cause steni-end rot of the watermelon (Cétrmllus
rulgarss).

Diplodic tubericola rots sweet potatoes very slowly.  There is little
or no evidence of infection under laboratory conditions for a week
or 10 days following inoculation, and usually four to eight weecks are
required to decay a potato entirely. (PL 19, A.) The pycnidia,
which develop in considerable numbers, generally appear after about
one month on the part of the potato first decayed. They are exter-
nally coal black, crowded closely together or confluent (fig. 18), and
form minute, domelike elevations on the surface, Unlike many .of
the fungi of this group, some of the pycnidia are eompletely buried,
the spoves escaping only after maceration or disintegration of the host
tissue.

In the early stages of decay the tissue is brown in color. but it later
becomes coal black and hard. (PL 19, A.) Concomitantly with the
escape of water, the potato shrinks, eventually beeoming mummified.

The spores may be of three types, and sometimes all three are
found in the same pycnidium. In the young pycnidium they are
usually hyaline and one-celled (fig. 19, g , and oecasionally this is
the only type found. Later the hyaline spores may turn dark (fig.
19, B) and they may (fig. 19, D) or may not become septate. In
the old mmummied potato the 2-celled dark spores predominate, but
are intermixed with a few 1-celled dark and a few 1-celled hyaline
spores.

Numerous inoculation experiments have demonstrated the patho-
genicity of this organism (89).
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The pycnidia are more or less globose (fig. 18), 250 to 305 p 1n
diameter; the stromatic mass is about 1 millimeter in diameter.
The conidia are elliptic, not constricted, 18 to 20 p by 11 to 14 p.
The parapliyses are 45 to 65 4 in length. ~ (Fig. 19, A.)

DRY ROT

Dry rot is caused by a fungus known as Diaporthe batatatis (E.
andrl}&.) Harter and Field, reported by Halsted (6/) in 1890, who
attributed it to Phoma batatae E. and H. Its ascigerous stage, to
which the name /). batatatis was given, was later obtained by Harter
and Field (79). The conidial stage of the fungus is the only one
found on the potatees from the storage houses or from field material.
Dry rot has been reported to occur in North Carolina, Texas, New
Jersey, Virginia, Mississippi, Alabaa, and Indiana, so that it can
safely be said to have a wide distribution. An organism isolated

Fic. 18.—Pycnidia of Diplodia tubericola embedded at different depths of the tissue
of the host. X 97

from sweet potatoes from the Isle of Pines when inoculated into sweet
potatoes in the United States produced the characteristic symptoms
of the disease. This strain, while identical morphologically, is a
more vigorous parasite than any isolated from material collected in
the United States.

The total loss from this disease is relatively small, being greater
in storage than in the field. Tt is occasionally found on the slips in
the hotbed and on the vines (P 20, B) in the field. Likemnany other
fungi it will grow as a saprophyte and for this reason is found as a
secondary invader.

Inoculation experiments have shown that it is capable of causing
decay in storage, requiring four to eight weeks to rot a potato en-
tirely. Infected potatoes become much slirunken and wrinkled (pl.
20, A) and finally mwummified. The surface, beneath which the
tissue is carbonaceous to coal black, is covered with small elevations
a millimeter or so in diameter, lying close together, in which the
pycnidia are embedded. (Pl 20, C.) '
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TwoO SERIOUS STORAGE ROTS

A.—Java black rot (Diplodia tubericola). Specimen completely decayed, dry, and hard.
Note the Dlack cushions on the surface, in which numerous pyenidia are embedded.
B.—Charcoal rot (Sclerotinum bataticola). The tissue is rendered black by the numerous
sclerotial bodies thut form soon after decay setsin
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DRY ROT (DIAPORTHE BATATATIS)

A.—A sweet potato completely decayed. The potato eventually dries, becoming hard and
mummified. B.—Infection on the vine, showing the presence of numerous pycnidia. C.—
Potato only partially decayed. Nuierous pycnidia may be seen on the surface of the
decayed portion
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SURFACE ROT (FUSARIUM OXYSPORUM)

A.—An early stage of the disease in which the injury is restricted to small areas on the surface
of the root. B.—Later stage with large spots and considerable shriveling. C.—Mummi-
fied potato, an extreme case of surface rot.  D.—Cross section of root, showing the depth to
which the organisi penetrates
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MINOR STORAGE ROTS OF SWEET POTATOES

A.—Epicoccum sp. This organism destroys the potato slowly, producing a firm rot, at first
yellowish, then reddish brown. B.—AMucor racemosus. This organism causes a rather
slow rot at low temperatures. The potato is rendered wet but spongy to firn. C.,—
Botrytis cinerea.  This fungus produces a grayish, soft, somewhat watery rot with a slightly
starchy odor. D.—Alternaria sp. A firm moist rot is produced. At first the tissue is
turned brown, and then it gradually darkens. E.—End rot, probably caused by Fusarium
ozysgorum. A firm dry rot is produced. The tissue becomes brown and somewhat
powdery
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The pycnida at first covered by the epidermis but eventually break-
ing forth, are separate, occasionally confluent, and more or less
globose, measuring 60 to 130 by 60 to 110 p and having a short neck.
Only on the roots are the pycnidia embedded in a stroma.

The conidia (fig. 20, Cf are oblong to fusoid, 6 to 8 by 3 to 5 g,
continuous, hyaline, usually two guttulate; sometimes, however, with
three o1l droplets. They are borne on long hyaline, simple, continu-
ous filiform conidiophores, which are either straight or curved. In
the sanie pycnidimn with the conidia there may or may not be found
anotlier type of spore,
the so-called stylo-
spores. These are
filiform, hook-shaped
bodies, sometimes
curved or rarely
straight, 16 to 30 x 1n
length, and continu-
ous. (Fig. 20, A.)
Stylospores and co-
nidia may be found
alone or together in
the same pyenidium.

The perithecia are
formed in a Valsalike
stroma, which is ashy
gray within and car-
bonaccous without,
with many exserted
subeylindrical beaks
from 0.5 to 8 milli-
meters in Jength.
They are subglobose,
120 to 370 w in diame-
ter. A tangential sec-
tion shows the peri-
thecia formed in the
same stroma with the
pyenidia, frequently
In a ring inside but
separate from the
pycnidial chamber. e, 19.—Diplodia_t.ubcr'lca‘la.' A, Paraphyses; B, one-

The asci are clavate  nninating; D two-ccled Drown contdimm. 50" Loso
to cylindrical in shape,
sessile, eight spored, 23 to 38 by Tto 12 u. (Fig. 20, B.) The spores
are subelliptical, obtuse at both ends, hyaline, one-septate, slightly
constricted at the center, two to four guttulate, and 8 to 12 by 4 to 6 .
No paraphyses are present.

The belief that the ascigerous stage represents the perfect stage in
the life history of the dry-rot fungus is based on the following facts:
(1) The ascigerous stage and the pycnidial stage were both derived
from the same original 1solation; (2) a conidial stage was developed
from a single ascus that was identical with the original isolation; (3)
infection was obtained through inoculation from the ascospore strain,
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FOOT ROT

Foot rot, caused by Plenodomus destruens Harter, has been dis-
cussed primarily as a’hotbed and field discase (pp. 27 to 33). It was
previously pointed out that under ficld conditions the causal organism
grows from the stem into the roots. (See pl. 7, B.) Sweet potatoes
only slightly infected may, and frequently do, find their way into the
storage house, where the fungus develops still further. = Slightly
decayed roots may be used for seed and the fungus grow from them
to the spronts and be carried by them to the field. Spores are
abundantly produced, and some of them may be lodged in wounds or
lesions made by rough handling. In view of this fact, potatoes that
otherwise might appear to be sound may readily carry the fungus to
the hotbed, where, upon the addition of moisture, infections may

: occur. Experiments
have shown that
bruised potatoes
taken from a storage
house where foot rot
was present devel-
oped numerous pyc-
nidia on their sur-
faces when they
were held in a moist
chamber for a few
days..

Plenodomus de-
struens slowly pro-
duces a relatively
splongy brown-

N . . i . colored rot, two to

Fia. -O.—I)xaporth& ‘::rl?lr-ill:f_)‘ ;2, lsyéglr;gsporgs' B, ascl; three \Veek’s being

. required to destroy

completely an average-sized potato. Upon the escape of moisture
the potato becomes dry, shrunken, hard, and finally brittle.

The parasitism of Plenodomus destruens has been demonstrated by
numerous inoculations of both plants and potatoes,

A

CHARCOAL ROT

Charcoal rot (pl. 19, B) caused by the sterile fungus, Sclerotium
bataticola Taub., has been collected in all parts of the United States,
and sweet potatoes decayed by it have been received from Japan and
other foreign countries. ‘ .

Sclerotium bataticola was originally thought by Halsted (67) to be
a stage in the life history of Ceratostomella fimbriata, but after a more
thorough study of the fungus by Halsted and Fairchild (67) it was
evident that they entertained some doubt of its connection with the
black-rot fungus. Later investigations showed that 8. bataticola was
m no way connected with O. fimbriata (176).

. Sclerotium bataticola is a slow-growing storage-rot fungus requir-
ing about three to six weeks to rot a potato completely under moist-
chamber conditions at laboratory temperature (18° to 24° C.). The
decayed tissue first becomes chocolate to cinnamon brown, which later
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changes to a dark reddish brown color. As soon as the sclerotia begin
{0 form, the host tissue becomes black or charcoallike in appearance.
Two distinct zones differing in color may often be distinguished at
the same time in a single potato. The black zone, usually the outer
one, contains the sclerotial bodies. Adjacent to this is a dark reddish
brown area. The potato in the early stages of decay is spongy, but on
the escape of moisture it gradually becomes hard and mummified. If
{he epidermis is broken, the black sclerotial bodies may be seen in
large nunibers buried among the cells throughout the potato.

I%loculation experiments (89) have demonstrated the parasitism of
this organism. The coal-black sclerotia, made up of anastomosed
black hyphae, vary in shape from spherical to oval, oblong, and even
forked, and range in size from 224 to 25 by 32 to 152 p. They are
developed in great numbers throughout the potato and can be readily
exposed by peeling away the epidermis.

Although 8. bataticola is primarily a storage disease it may some-
times be found on the stemn near to or just below the soil line on plants
growing under field conditions, where it causes almost charcoal-black
discolored lesions in the cortex. These lesions may enlarge and by
harvest time niay have extended from the initial point of infection to
the roots. It is probable that many of the infections found on sweet
potatoes in storage had their origin in the field.

SCURF

Scurf, caused by the fungus Monilochaetes infuscans Hals., like
black rot and foot rot, is both a field (pp. 36 to 40) and a storage dis-
ease. Scurf is present in the United States wherever sweet potatoes
are grown, forming rusty brown patches over the surface on all the
underground parts of the plant. These discolored patches are often
so numerous as to cause an almost continuous scurfy covering over all
or nearly all of the sweet potato. The causal fungus penetrates only
through the skin, so that it can not be said to cause a storage rot in
the same sense as soft rot and black rot. Water escapes from badly
seurfed potatoes, so that they become spongy and finally dry and
hard. the loss being due largely to shrinkage. If scurfy potatoes are
used for seed, however, they will produce scurfy plants on which the
fungus is carried to the field. During the growing period in the
field the fungus grows down“or the spores are washed down the stem
of the plant to the roots, on which it is carried to the storage house.
The attached end of the potatoes is usually worst affected. Field
infections of plants also take place. The disease is most severe in
heavy black soils and in those containing a considerable quantity of
organic matter. Sweet potatoes grown on soil to which stable manure
has been added or where green-manure crops have been grown are
frequently badly marked with scurf.

In severe cases of scurf the skin of the sweet potato in storage may
crack (see pl. 10, D), permitting the water to escape. Scurf does not
affect the edible guality of the potato, although its market value is
considerably reduced (30). In spite of the fact that scurf bears very
little resemblance to black rot, consumers are not always able to
distinguish between them.
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SURFACE ROT

Surface rot is caused by the fungus Fusarium ozysporum Schlecht.
It is widely distributed, having been collected on specimens received
from all parts of the United States. It attacks all varictics of pota-
toes more or less, though the Jersey types appear to be most suscept-
ible. Observations indicate that greater losses are causcd to the
Big-Stem Jersey, year after year, than to any other variety studied
or upon which obscrvations have been made. )

The early stage of surface rot is characterized by the nearly cir-
cular to roundish, somewhat sunken spots (pl. 21, A), the spots vary-
ing in number and differing in size according to the length of time
that has elapsed since thie infection started. They usnally do not
exceed three-fourths of an inch in diameter. The rot is shallow, sel-
dom penetrating below the fibrovascular ring. (Pl 21, D.) Later
there is some shrinkage of the potato (pl. 21, BB), especially at the
margin of the spots and between them, if they are close together.
Finally the potato becomes dry and mummified (pl. 21, C). Surface
rot. has some characteristics in common with black rot, but differs
from it in several essential details. In the former the spots are
smaller and grayish brown, while in the latter they may attain a
diameter of 2 inclies or more and are more nearly black. Surface-rot
spots differ from bruises in that they are more regular in shape and
s1ze, being usually circular or nearly so, while spots caused by bruises
may be irregular in shape and variable in size.

The results of investigations made by the writers (84) indicate that
infection takes place at about digging time or early in the storage
period when small decayed spots can frequently be found at the base
of the small rootlets, especially if the gronnd is somewhat wet. These
infected areas slowly enlarge in storage and become more or less con-
spicuous at the end of six to eight weeks. The disease is worst if the
potatoes are dug during a wct time or when the ground is quite moist.

If the storage house is kept rather warm and dry the moisture
escapes from the sweet potato through the surface-rot lesions, the
potato eventually becoming hard and mummified.

The loss from surface rot is frequently very large, often exceeding
that of any of the other storage diseases. Occaslonally most of the
potatoes in the house are so badly marked and shrunken that they
have no market value. Recently {auritzen (107) has developed by
selection a strain of Yellow Jersey very little subject to injury from
surface rot. Tt was noticed that those potatoes with a dark-yellow
skin were not at all or were very little injured. A careful compari-
son of the dark-skinned potatoes with the light-skinned ones under
conditions suitable for the development of surface rot showed that
the former remained practically free, while the latter were badly
diseased. Potatoes affected with surface rot shrink badly in storage.

Many inoculation experiments have demonstrated that Fusarium
oxysporum is the cause of surface rot. TFurthermore, as it has been
shown that the stem-rot organisms do not cause surface rot, there is
no danger of introducing or increasing stem rot by bedding potatoes
affected with surface rot.
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MINOR STORAGE DISEASES

The following group of storage rots caused by fungi are occasion-
ally found. Under proper conditions these fungi will deeay sweet
potatoes. That they have not been more frequently encountered may
be due to the faet that they are for the most part slow-growing forms
and are therefore probably crowded out by the organisms that de-
velop much more rapidly; as, for example, the black-rot fungus.
Turthermore, some of them are conspieuously low-temperature forms
and will not decay sweet potatoes, except at temperatures lower than
those at whieh sweet potatoes are stored. Sweet potatoes are deeayed
by some of the organisms eausing minor storage rots only if the eom-
petition of the more vigorous parasites is removed, or if the host is
maintained at a low temperature or at a temperature eongenial to the
growth of the fungus, or when both these faetors are operative.

As no common names are known for these rots, they will be eon-
sidered under the names of the eausal organisms,

MUCOR RACEMOSUS

Mucor racemosus Fes. seems to be eapable of decaying sweet pota-
toes only at low temperatures (89). If the potatoes are held for
several weeks at temperatures a little above freezing; that is, 2° to
5° (., a soft rot may begin at wounds or dead rootlets. Under sueh
eonditions the decay progresses slowly so that four or more weeks
are required to produce somewhat sunken, nearly round, and often
somewhat zonated spots of an inch or more in diameter. The center
of each spot is usually somewhat bluish in eolor, because a Penieillium
soon gains a foothold, living as a saprophyte on the deeayed tissue.
Both these fungi are frequently obtained in eulture, unless the plant-
ing is made from the margin of the sound tissue, in which ease Mucor
alowe is obtained.

M. racemosus produces a rot similar to that produced by Rkizopus
nigricans, but mueh slower. The tissue, which has a distinetly
starchy odor, is rendered a gray color in spots, as shown in cross
section. (Pl 22, B.) Tt is somewhat wet, spongy to firm, and
fibrous and stringy when pulled apart or broken opcn.

A number of inoculation experiments have shown that M. racemo-
sus is a parasite, that it will decay sweet potatoes at temperatures of
1° to 7° C. ahove freezing, and that at a higher temperature little
or no decay takes place. 1t is not iinportant as a storage organism,
because sweet potatoes are stored at temperatures above those at
which it will causc deeay.

ALTERNARIA

Alternaria sp. has been isolated a number of times from sweet
potatoes naturally infected when held at low temperatures. Inoeu-
lation experiments (89) showed that it produces a slow rot at about
7° (. or lower, but at a tempcrature of 20° only a very slight rot
resulted after 19 days. However, in view of tle temperature at
which sweet potatocs are stored, there is very little danger that this
fungus will become of mueli economic importance.

Alternaria sp. produces a firm moist rot. The tissue at first turns
brown and then gradually darkens, but it never becomes black.
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(P1.22,D.) The strands, so characteristic of soft rot when the potato
is broken open, are not found in potatoes rotted by Alternaria sp.

PENICILLIUM

Penicilliwm sp. is a common inhabitant of decayed sweet potatoes.
Like some of the other fungi already mentioned, it was most often
obtained from potatoes held at low temperatures. While the results
of inoculation experiments (89) show some slight success at low
temperatures, this organism, even when removed from the competi-
tion of other fungi, must for the most part be considered a
saprophyte.

Penicillivm sp. forms blue masses of spores on the interior and on
the surface of the sweet potato. (Pl 23, B.)

BOTRYTIS CINEREA

Botrytis cinerea Pers. has frequently been isolated from sweet
potatoes and other vegetables held at low temperatures. It is an-
other of the organisms seldom encountered in sweet potatoes in
storage, either because the conditions of the storage house are un-
favorable to it or because it is unable to compete with other fungi.
Inoculation experiments (89) have shown that it will decay potatoes
slowly. When inoculated potatoes were exposed to different tem-
peratures a more rapid and complete decay was obtained at temper-
atures of 7° to 14° C. than at higher or lower ones. However, it
seems to cause decay over a much wider range of temperatures than
some of the other storage-rot organisms.

B. cinerea produces a grayish, soft, somewhat watery rot (pl.
22, C) with a starchy odor. The affected tissue is more or less
stringy when pulled apart. A slow decay is produced, requiring
from 16 to 30 days to rot potatoes completely, depending upon the
temperature at wfl’ich they arve held.

EPICOCCUM

Epicoccum sp. is not of much economic importance, although it
has been isolated often from rotted sweet potatoes held at low tem-
peratures. It grows rather slowly and is probably able to cause
decay only when the competition of other fungi is removed. As a
result of inoculation experiments (89), in which the potatoes were
exposed to different temperatures, it was found that a little decay
tookdplace at 7° C. At other temperatures the potatoes rematned
sound.
 Epicoccum sp. (pl. 22, A) produces a slow, firm rot. The tissue
18 1shghtly yellowish at first and later changes to a reddish brown
color.

GIBBERELLA SAUBINETIH

A number of species of Fusarium have been isolated from sweet
potatoes in storage but, strange as it may seem, those species most
frequently isolated have never been shown to be parasitic. On the
other hand, those species demonstrated to be capable of causing decay
(Fusarium  culmorwm, F. acuminatwm) are seldom found under
natural conditions.



STUDY OF SWEET-POTATO DISEASES AND THEIR CONTROL 75

Like some of the other fungi previously discussed, Gébberella
saubinetii (Mont.) Sace. (figs. 21 and 22) was isolated from sweet
})otatoes held at low temperatures. Inoeulation experiments (89)
wave shown that this organism will cause decay if the sweet potatoes
are kept from four to six weeks at temperatures of 2° to 4.5° C.
(. saubinetii was recovered in pure cultures from 67 per cent of the
sweet potatoes inoculated in the above experiments. The controls
were all deeayed, but none with . squbinetii. As the moisture
escapes, the tissue becomes firmer and finally hard and mummified.
The color of the decayed tissue is at first a chocolate brown, whieh
later turns to a pinkish brown.

FUSARIUM CULMORUM

Fusarium culmorum Wr. (fig. 23) seldomn occurs in storage. Ex-
periments (89) in whieh inoculated potatoes were held for a eon-
siderable length of time at
different temperatures dem-
onstrated tliat low ones
were condueive to decay.
For example, all the pota-
toes were decayed at 10.6¢
C., but only 10 per cent at
temperatures of 13.5° and
16.9°.  Although the con-
trols rotted, they were not
decayed by /. culmorum.

Fusarium. culmorum pro-
duces a distinctly charac-
teristic rot and when once
seen would never be eon-
fused with any of the other
rots except that eaused by
F.acuminatum, from which
it does not differ macro-
SOOpiCEllly. From three to Fe. 21.—Conidia of Gibbearella saubinetti, showing
six weeks are required for — Sihge of siag and T o eptatiog™ 2ls0 an
it to decay the potatoes
completely. The tissue is rendered spongy but not watery, and
in the early stages a faint reddish brown eolor, which turns
later to a carmine red or maroon, is produeed. As the potato
dries out, some of the color is lost, and i1n the mummified stage it
becomes a beautiful pink.

FUSARIUM ACUMINATUM

Fusarium acuminatum Ell. and Ev. emend. Wr. (fig. 24) has been
shown by inoculation experiments (89) to produee a slow decay of
sweet potatoes when held at low temperatures, very similar to that
eaused by F. culmorum.

TRICHODERMA KONINGI1

Cook and Taubenhaus (37) found I'richoderma kiningi Oud.
associated with ring rot and soft rot. These investigators success-
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fully infected sweet potatoes by inoculations with a pure culture of
7. %onings. The writers have seldom isolated this fungus from
wounds or decayed tissue where it seemed to be the primary cause of
the decay. A somewhat similar rot was also produced by 7. lignorum
(Tode.) Harz. o )

The symptoms caused by Trichoderma kiningi are described by

Taubenhaus and Manns (155) as follows:

In the earliest stages,
the spots are circular and
of a light brown color, with
a tendency to wrinkle.
The flesh is hard and
water-soaked, brown in
color, with a black zonein
the region between the
liealthy and diseased tis-
sue. 'The spot enlarges
in all directions and
eventually destroys the
entire root.

SCLEROTINIA

Seclerotinia sp. sel-
dom occur under nor-
mal storage conditions.
If, however, sweet po-
tatoes are held for
several weeks at tem-
peratures from 0° to
3° (. with a relatively
high humidity, some
of them inay be more
or less completely de-
cayed by a species of
Sclerotinia. The po-
tatoes become soft
and watery and large
sclerotial bodies may
develop over the sur-
face. Seclerotinia rot

Fic. 22.—Mature perithccium of Gibberella_ saubinetii
produced in a 28-day-old culture. X 500 has been observed on

. sweet potatoes in
damp, cold cellars and in cold-storage houses where potatoes and
other products requiring low tcniperatures are stored.

OTHER FUNGI

A considerable number of other fungi have been isolated from
sweet potatoes in storage and studied, as, for example, Fusarium ba-
tatatis Wr., I, hyperowysporum Wr., I'. radicicole Wr., F. solant
(Mart.) Sacc., /. orthoceras Appel and Wr., F. orthoceras var. tri-
septatum Wr., I, oxysporum Schlccht., Nectria ipomoeae Hals., and
an undetermined species of Mucor, '

Inoculation experinients have been made with all these organisms,
and none of them have proved to be parasitic, although in some cases
rather severe mcthods were employed. Special attention was given
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to F. batatatis and F. hyperoxysporum, the two fungi causing stem
rot. Both of these organisms invade the f{ibrovascular bundles of
the potatoes. It is therefore of considerable economic importance to
know whether or not these species cause storage rots, in view of their
prevalence and destructiveness to cer-
tain varieties in the field. Stem-
rot infected roots have been collected
from the field and placed in stor-
age, with the result that they kept
just as well as lealthy ones. In no
case have the writers 1solated one of
the stem-rot organisms from sweet
potatoes decayed in storage. Irom
their results they feel justified in
concluding that neither of these spe-
cies causes a storage rot. Another
species of Fusarium, F. oxysporum,
which might be mistaken for 7. bata-
tatis, however, is frequently isolated
from the stored sweet potatoes. In
many houses potatoes may be found -
decayed for one-half to 114 inches Fia. 23-—Conidia of Fusarium cul-
at the end, the tissue being brown MR g‘;“;x;;;*;;t{g;,‘ge of Seand
and firm in texture and emitting 2

pleasant aromatic odor. (PL 22, E.) From such decayed ends
and certain snrface wounds and lesions F, ozysporum is generally
isolated. Although the writers believe this species to be the cause
of the end rot, they have failed consistently to obtain proof of it
by any of the methods eniployed.

Nectria ipomoeae,
thought by Halsted to be
the cause of ring rot of
sweet potato and stem rot
of the eggplant, has been
isolated many times from
decayed potatoes. Inocula-
tions with this organism
have failed to give any
proof of its connection with
any of the sweet-potato
diseases.

A large number of other
fungi have been isolated,
with which no experiments
have been made. Among
F1g. 24.—Conidia of Fusarium acuminatum. show- others the fol]owing may be

1)%1,?012)@ of size and number of scptations. mentioned : Zygw'rynclzus

sp., Penicillium sp., Mela-
nospora sp., Trichosporium sp., Ceratostoma sp., Sporotrichium sp.,
Pestalozzia sp., Aspergillus niger Van Tiegh., Sclerotium rolfsii,
Fusarium wvasinfectum Atk., Cephalothecium sp., Neocosmospora
vasinfecta (Atk.) E. ¥. S., Verticillium cinnabarinwm, Acromoniella
sp., Macrosporium sp., Actinomyces sp.
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TRANSPORTATION AND MARKETING DISEASES

The principles underlying successful shipping and marketing are
about the same as those for storage. It is, of course, more diflicult
to control conditions during transportation and on the market than
in a well-constructed storage house.

The tiwe required to transport sweet potatoes from the field to the
market depen((lls naturally upon their location and distance from
each other. In suinmer sweet potatoes are frequently sent from
southern Alabama, for cxample, to some of the northern markets,
and many shipments are frequently made from Virginia to Kansas
City, Denver, and other distant cities. Shipments over such dis-
tances often require two weeks or more. Since the organization of
the inspection service of the Bureau of Agricultural Economics of
the United States Department of Agriculture, reliable information
as to the actual loss taking place during the shipment to distant
points has been available. fnspection certificates issued by the bureau
show that the losses vary from 9 to as much as 40 or 50 per cent, a
25 per cent loss being rather common. These certificates indicate
that the principal losses are due to soft rot, black rot, and less
commonly to dry rot. .

Sweet potatoes are usually shipped from storage in the winter,
when the weather is cold and subject to considerable variation, which
means that the hunidity and temperature in the cars are apt to be
changeable and difficult to regulate. Before sweet potatoes are
shipped they must be handled at the storage house and prepared for
the market, the dcgrec of preparation differing considerably in differ-
ent localities. Some farmers grade their potatoes at harvest time
and handle them as little as possible when preparing them for
marketing. Others do most of the grading in the storage house
during the winter just before shipment. In preparing the potatoes
for shipment some growers clean and brush them by hand or by means
of a machine constructed for the purpose, so that during the entire
operation of grading, cleaning, crating, and hauling, some wounding
is unavoidable. In view of the fact that wounding is necessary for
infection by the soft-rot organism, it is not surprising that heavy
losses are sustained from it every year. Since Zhizopus nigricans,
the organism usually associated with soft rot, can completely rot
a potato in from three to five days, a large percentage of loss may
occur during the time required to ship the potatoes from storage to
market. Besides soft rot and black rot, Java black rot may cause
considerable damage, especially if the potatoes have been in transit
for some time. Both these organisms devclop rather slowly. Higher
tempcratures—that is, teinperatures around 80° to 85° F.—are
favorable for the growth of the black-rot fungus, and such tempera-
tures may and probably do occur in_ the cars during transportation.
Java black rot is morc prevalent in shipments from the South. It is
a slow-growing organism, but transportation from the Southern
States to the northern markets often requires two weeks or more, thus
giving ample time for considerable decay to take place.

A few other types of decay occasionally are fonnd, such as dry
rot and end rot, all of which cause appreciable loss every season.

The losses that occur after the potatoes reach the market and be- -
fore they are consumed are caused by the same fungi as are found
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during transportation, Riizopus nigricans being the most destruc-
tive of the group. Each new handling produces fresh wounds
through which the organisms enter, the result being that a large
percentage of sweet potatoes decay between the time they are ob-
tained by the merchant and the time they reach the kitchen.

Thesc losses can not be entirely avoided. They can, however, be
considerably rcduced by the exercise of care in handling at each
operation. It is advisable also during transportation and even on
the market to keep the potatoes dry or as nearly dry as possible and
to maintain a temperature of 50° to 55° I,

The facts to be emphasized are (1) that the potatoes should be
carefully handled; (2) that a uniform temperature of 50° to 55° F.
should be maintained; and (8) that the potatoes should be kept
moderately dry.

In connection with the shipment of sweet potatoes over long dis-
tances, the results obtained by Taylor (786) are of interest. In a
serles of experiments in which the potatoes unwrapped and wrapped
in newspaper and parchment paper were shipped to London from
Virginia and New Jersey, it was found that they arrived in good
condition. Ie came to the conclusion that freshly dug sweet po-
tatoes could be delivered on the London market in a sound condition.
He further proved that the unwrapped potatoes carried better than
the wrapped ones, the latter showing a little waste.

DISEASE CAUSED BY NEMATODES

FIELD DISEASE

ROOT KNOT

Very little attention has been given to the oceurrence of nematodes
on sweet potatoes, although Bessey (75), who found that they pene-
trated some distance beneath the surface of the roots, lists the
sweet potato as one of the crops on which they occur in abundance.
In general, sweet potatoes are not severely injured by nematodes,
though Elliott (49) cites a case wlere considerable damage was done
in two counties in southern Arkansas, and O. C. Boyd found them on
volunteer plants in fields of eggplant and tomato in Georgia.
Root knot is quite comnon on sweet potatoes in the South and
in parts of California, especially in the light sandy soils. The
greatest loss, however, 1s not to the sweet potato itself, but to sus-
ceptible crops, like cotton or watermelons, which follow sweet po-
tatoes in crop rotation. The nematodes seem to find the sweet
potato a congenial host in which to live and multiply always without
causing any great harm to the crop.

The root-kuot disease is caused by a parasitic eelworm, Caconema
radicicola (Greef) Cobb. It attacks a great many different hosts,
making its control estremely difficult. Two methods, both more or
less effective, should be employed in its control—(1), rotation with
immune crops, such as some of the cereals, peanuts, etc.; and (2),
planting of or, if necessary, the development of resistant varieties
or strains.

Weimer and Harter (202) found nematodes quite prevalent on the
roots of sonie varieties of sweet potatoes in the hotbeds in southern
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California. Conspicuous galls (pl. 24, C) developed on the roots
of such varieties as Nancy Hall and Red Brazil. The root knot was
observed throughout the summnier to cause dwarfing of the plants and
consequently a reduced yield on the light sandy soils. A field test
of the comparative susceptibility of a few varieties was made (202)
at three locations in southern California in 1924. The results showed
that the Nancy Hall and Red Brazil were very susceptible to root-knot
injury, and large conspiciions galls developed on the roots. Such
varieties as the Red Jersey. Yellow Jersey, Big-Stem Jersey, Porto
Rico, Southern Queen, and Yellow Yam, while not entirely immune,
are highly resistant and may be nsed in place of some of the suscep-
tible varieties of sweet potatoes or other susceptible crops on
nematode-infested soils. . :

PHYSIOLOGICAL DISEASES AND DISEASES OF UNKNOWN
AUSE

FIELD DISEASES

. MOSAIC

In 1919, in Arkansas, Ensign (54) observed an abnormal condition
of the Nancy Hall variety, which he identified as mosaic. (P1l. 16, B.)
He described the plants as being more or less dwarfed, malforumed,
the leaves mottled. The difference in yield of healthy and diseased
plants amounted to about 300 per cent.

Subsequent to Ensign’s brief account of sweet-potato mosaic the
disease was reported from Florida (797), Tennessee (759), and
through the Plant Disease Reporter for 1923 fromn Texas and Kansas.”
In 1923 the writers studied sweet-potato diseases in the San Fernando
Valley of California, where mosaic occurred on a small percentage of
the plants of the Nancy Hall variety. It was also seen by the writers
in southern Mississipp1 in 1925. So far as is known the disease hasnot
been observed on any other variety. From these few reports fromn
widely separated regions it should occasion no surprise to find it
wherever the Nancy Hall is grown.

The total loss caused by mosaic is certainly small. Ensign (54)
and others (159, 197, 17) report a considerable reduction in yield of
affected plants. Weber (197) reports 6 per cent of the plants dis-
eased in a 10-acre field and a yield of less than 10 per cent of normal.
In California 1 to 8 per cent of the plants in a 20-acre field were
diseased.

SYMPTOMS

Weber (197) has effectively described the characteristic symptoms
of the disease as follows:

Internodes decidedly shortened; thus the nodes bearing leaves are close
together, affected plant showing a decided rosette appearance. The petioles are
somewhat shorter and thicker than those of normal plants. The petiole at point
of union with the blade is often flattened. The larger veins branch out into the
blade abnormally suggesting fasciation and appear much wider and more
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Technical Bulletin No. 99 PLATE 23

Two DISEASES OCCASIONALLY ENCOUNTERED

A.—Growth eracking.  Jts cause is not known. It has been attributed to several things, such
as wet weather following dry, and to too much nitrogenous fertilizer. B.—Penicillium sp.
Note the cushions of the fungus over the surface of the potato. Penicillium appears usually
only when the potatoes are held at a low temperature



Technical Bulletin No. 99 PLATE 24

STORAGE AND FIELD DISEASES

A.—Early stage of internal ‘breakdown. B.—Advanced stage of internal breakdown. C.—Root
knot caused by nematodes (Caconema radicicola)



Technical Bulletin No. 99 PLATE 25

MECHANICAL INJURIES TO RooTs.—I

A.—Sunken spots caused by immersion in a 1 to 200 solution of formaldehyde for 30 minutes. B.—
Sprouts killed in the hotbed by excessive heat from the sun and from manure



Technical Bulletin No. 99

MECHANICAL INJURIES TO RooTts.—11

A.—Irregular sunken spots caused by the application of fertilizer while the potatoes were still
in the ficld. B.—Sunken spots caused by fmmersing potatoes in a 1 to 500 solution ¢f mercuric
chloride for two hours



STUDY OF SWEET-POTATO DISEASES AND THEIR CONTROL 81

prominent than the veins in normal leaves. The tissue between the veins is of a
uniform green color, decidedly raised or sunken, forming pouch-like areas.
There is no mottling, in the sense that leaves of ¢ucumber and tobacco plants
are mottled by mosaic. The Dades are crinkled along the edges, curled back-
ward and in severe cases malformed..

CAUSE OF Mosalc

The cansc of sweet-potato mosaic still remains somewhat of a mys-
tery. In fact. the disorder is so differcnt from the mosaic of man
other crops that it scems questionable whether it should be so classed.
Roots from plants exhibiting typical symptoms of the disease will
yield mosaic plants, but not until rceently has anyone succeeded in
communicating it to other plants by hypodermic njections, by me-
chanical rubbing, or by grafting. Weber (797), Weimer (199), and
Rosen (747) all report unsuccessful attempts to communicate the
discase from mosaic to healthy plants. Weber attempted unsuccess-
fully to inoculate a number of plants by the injection of the juice
from diseased ones, and Weimer, employing several differcnt meth-
ods, such as grafting, hypodermic injections, and mechanical injury,
failed to transmit the disease. More recently, however, Rosen (748)
has obtained mosaic symptoms in inoculated plants, both by rubbing
leaves of healthy plants with macerated mosaic foliage and by the
injection of juice of diseased plants into the stems of healthy ones.
No symptoms were obtained by him during the period covered by a
single growing scason or by three successive growing seasons in which
the fleshy roots were used for propagation after the lapse of the inter-
vening winter seasons.  On the other hand, Rosen found that, if the
vines were kept growing continuously 12 to 13 months or more, typi-
cal symptoms of the disease would appear in some of the plants.
The plants were kept growing continuonsly vegetatively by making
vine cuttings from inoculated plants, growing them in the green-
liouse during the winter months, and sctting them in the field the
following spring. Thus, if inoculations were made in June of one
season. typical symptoms in these plants should appear a ycar from
the following July or August, or later. According to Rosen, the
symptoms, mild at first, gradually increase in intensity until a certain
maximum is reached. He also found that not all runners of the
same plants would become diseased.

So far no evidence has been submitted to shiow that when vines are
inoculated with the virus, if such it be, it is transmitted to the roots,
which in turn produce typical mosaic vines. In other words, the
roots have not been shown to play any part in the transmission of
the disease from inoculated plants, although it is well known that
roots from what may be called naturally infected mosaic plants do
transmit the discase to the plants produced by them. There are,
then, some differences hard to rcconcile betwecn inoculated and
natnrally infected plants. Out of the hundreds of naturally infected
mosaic plants observed and studied by the writers no case has been
found where only a part of the runners were diseased. They have
further found that a mosaic potato will give only mosaic plants. It
is not unlikely that further investigations may clear up some of these
mysteries. It is barely possible that the roots of inoculated plants
kept growing vegetatively for several years may give mosalc plants.

6176°—29——6
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That the disease does not appear in all the runners is not necessarily
surprising. Sweet potatoes frequently produce a number of lon?
runners, and it would not be surprising if the virus failed to reach
the ends of all of them during a single season when inoculated into
the petiole of a leaf at the distal end of a vine. Tt is hoped that
additional investigations will be conducted which will establish defi-
nitely whether or not the malady is a true mosaic, and, if so, the

exact nature of it.
GROWTH CRACKING

The cracking of sweet potatoes resulting in one or more longitudi-
nal or cross fissures or both (pl. 23, A.), one-fourth to one-half inch
deep and as wide, has been found in many parts of the United States.

The cause of cracking, which is much more prevalent during some
seasons than during others, is not definitely known, but evidence
collected from growers and others indicates that it may in some way
be associated with weather conditions.

It is believed by some investigators that cracking is likely to result
when rapid growth is resumecd after a temporary check brought
about by drought or other causes. Others believe that cracking is
a resulf of heavy feeding with a nitrogenous fertilizer, and still
others insist that it is inherent in the plant. The latter theory
hardly seems applicable to the sweet potato, however, since no in-
stances are known where splitting has occurred every year, although
the same seed stock has been used.

Some varieties are said to growth crack worsc than others. G. P.
Hoffman, former horticulturist of the South Carolina Agricultural
Experiment Station, believes that the Georgia Buck variety is more
subject to growth cracking than any of the others. Hoffman found
that the application of stable manure was liable to stimulate growth
cracking. J. A. MecClintock observed that the Porto Rico variety
was subject to splitting and that stable manure and nitrogcnous
fertilizers tended to produce it.

In 1922 the writers undertook a series of experiments that vielded
some suggestive data on the comparative susceptibility of 18 different
varieties grown near Rosslyn, Va. So far as precipitation was con-
cerned the season was especially favorable for investigations of this
type, the depth of rainfall, in inches, for June, July, August, Sep-
tember, and Octobcer being 4.14, 7.66, 4.09, 7.65, and 0, respcctively.

The plants were sct in the field May 31 and June 1. The soil was
a rather heavy loam. The field sloped in such a way that one side
was rather wet during a considerable part of the summer and espe-
cially for several days following heavy rains. The field was divided
into three sections, and two rows of each variety werc planted in
cach. The rows ran from the high to the low ground. No fertilizers
or stable manure were applied. Sweet potatoes were grown on the
ground the previous year.

There was an abundant growth of vines and a fair yield of pota-
toes. When the potatoes werc dug October 2, 1922, carefnl notes
were taken of the extent of growth cracking. Table 1 shows con-
siderable variation among the different varieties with respect to
growth cracking. Ten varieties were entirely free, while three,
namely, Pumpkin Yam, Belmont, and Southern Queen, were con-
spicuously growth cracked. Onec significant fact observed in con-
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nection with these investigations is that growth cracking was most
prevalent on the better drained side of the field, which would seem
to indicate that a very wet soil is not necessarily required to
produce it.

TABLE 1~—Comparative ertent of growth oracking in different varieties of sweet

potatoes
— _ _ — —
Extent of Extent of
Variety growth Variety growth
cracking cracking
Belmont____________ ... Considerable. Naney Hall .. . __.... None.
Big-Stem Jersey .______..__.______ Slight. Pierson._________ ---| 8light.
Dahomey .. —---[ Very little. Porto Rleo...... Some.
Dooley........ -..-| None. Pumpkin Yam. Considerable.
Early Belmon - __.-.| Bome. Red Brazil______ Very little.
Genera} Grant Vinpeless__ .| None. Soutbern Queen Considerable.
4 Do. Triumph_______ None.
_________ el Do. Yellow Jersey ... Do.
- Do. Yellow Strasburg. Do.

The writers do not know at what time growth cracking started.
There was no rain from September 15 up to the time the potatoes
were dug, 17 days later. However, there was an abundance of
moisture in the soil when the potatoes were harvested, so that the
condition observed can not be attributed to drought. The same
varieties were grown on the field in 1921, a season with a smaller
amount of rainfall, but no growth cracking occurred. From these
facts alone it would seem that'soil moisture inay be one of the factors
associated with growth cracking.

FASCIATION

Fasciation in sweet potatoes is so general that it is sometimes
difficult to find a plant in which it is not present in one form or
another. Two distinct types are recognized, namely, flat fasciation
(pL 17, C) and ring fasciation, the former being the more prevalent.
On the vincs affected with flat fasciations they vary from slightly
oval to broad bands 1 to 2 inches in width. The number of leaves
per unit length on fasciated vines is often increased and frequently
to such an extent at or near the growing point as to resemble a rosette.
Occasionally fasciation begins soon after the sprouts are formed in
the seed bed. It is more frequently observed, however, to originate
at some little distance from the hill. The fasciated vine frequently
increases in width with the increase in length.

According to Conard (29), ring fascination is much less common in
sweet potatoes, occurring only in about one-half of 1 per cent in
abnormal stems. This type of fasciation is round instead of flat,
the vine being hollow. The leaves are numerous, and the phyllotax
loses its regularity. The tubelike vines vary in size from one-fourt?‘:
to one-half inch or more in diameter. Conard made a detailed study
of the histology of flat and ring fasciation and discovered some very
curious phenomena with respect to their formation. Those inter-
ested in this phase of the investigations are referred to his
article (29).

No one seems to have satisfactorily explained the cause of fascia-
tion. Different investigators have offered different theories, none of
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which can be entirely accepted. Tasciation is more prevalent where
therc is a rank vegefative growth and where the soil is rich in nitro-
@enous fertilizers. Conard concludes from the evidence at hand
that fasciation in the sweet potato is associated with high nutrition.
De Vries (196) claims that it occurs mostly in plants subjected to
conditions of nutrition above normal. Meehan (727) maintains 1ts
possible connection with disease. There are other investigators (33,
12}) who claim a connection between fasciation and mechanical
injury. With respect to the cause of fasciation in the sweet potato,
Conard writes as follows:

An injury to the growing tip has been suggested as a cause of ring fasciation,
but no sign of such has been found in any of the cases examined. We may
therefore consider that whercas plain fasciation occurs when the meristem
is so stimulated (by overfeeding or otherwise) as to cause it to spread out in
two opposite directions and become linear at the apex, ring fasciation occurs
when the same stimuli, operating for a time in radial symmetry, cause a
spreading of the meristem in all directions equally, giving rise to a circular
apical region.

INTUMESCENCE

Intumescence, or the formation of wartlike outgrowths or mal-
formations on the upper and lower sides of the leaves, has been noted
in a number of plants. A large assortment of explanations as to
the causes of intumescence has been offered by different investigators;
as, for example, by Sorauer (764), Atkinson (9), and Noack (127).
Some hold that it 1s largely caused by excessively high temperatures,
combined with a high relative humidity and impaired transpiration.
Several investigators maintain that a reduced illumination stimulates
the formation of intumescence, but that a high relative humidity con-
tributes most to its formation. Dale (34) found that white light, or,
in particular, the yellow or red rays, are absolutely essential for
the production of intumescence.

Trotter (791), who studied the formation of intumescence of the
sweet potato, found that it occurred only on the upper surface of
tlie leaf. He noted the following histological variations: The cells
of the epidermis change by gradual hypertrophy until they finally
become of a height equal to or even greater than that of the thickness
of the leaf. Such cells are irregularly distorted, their walls being
thin and of a brown color and lacking or almost lacking protoplasm.
He found that the intumescence of sweet potatoes occurred when the
plants were subjected to an exceptionally high relative humidity and
moderate light. He claims that excessive humidity is an indispen-
sable factor in the formation of intumescence, but that such a definite
statement could not be made with respect to light. High humidity
seeins to be the contributing cause, according to nany investigators,
However, Von Schrenk (753) has shown that such malformations
may be produced by spraying cauliflower with certain copper fungi-
cides. Wolf (209) found that mechanical injury, such as the beating
of sand against the leaf, would cause it, and Smith (762) found that
intumescence in cauliflower can be induced by exposing the leaf to
vapor of ammonia. The writers have observed intumescence of the
leaves of sweet potatoes growing in the greenhouse conspicuousl
formed independently of any known mechanical or chemical stimull.
After the plants were exposed several days to reduced light in an
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atmosphere with a high relative humidity the outgrowths or intumes-
cences formed in great abundance on the leaf. From the results of
investigations and observations by different workers, it appears prob-
able that intumescences may be caused by any one of several factors
or conditions or by a combination of factors.

SUN SCALD

Injuries to the vines and foliage of sweet potatoes caused by heat
and light are sometimes very difficult to separate, and for that reason
both will be considered together under sun scald. Heat and light
injuries occur during periods of clear dry weather and most often
on very light, sandy soils. The most outstanding examples of sun
scald have occurred in the San Joaquin Valley in California. In this
vallefr the sweet-potato soils are very light and sandy, and water is
supplied by irrigation. Except during or immediately following
irrigation there is a layer of dust about 2 inches thick on the surface
which contains very little moisture. The temperatures in midday
often reach 110° ¥. or more over a considerable portion of the sum-
mer, frequently beginning in May about the time or soon after the
plants are set out. The sky is usually clear. At this stage the plants
have very little foliage and no vines. The stems as well as the leaves
are exposed to the direct rays of the sun, so that the temperature at
the surface of the soil is extremely high. If there is a period of clear
hot weather, the stem at the soil line, if exposed to the direct rays of
the sun, is scorched, becoming gray to brown and frequently con-
stricted to about one-third of its normal diameter.

Injury of a somewhat different character occurs on older plants
with vines 1 to 3 feet or more in length. In this stage the vines are
protected by the foliage, which turns first yellow and then brown,
beginning at the margin of the leaf at the tip or just back of it. The
cntire leaf finally dries up (pl. 17, A) and can be crumbled into
a powdery mass. The leaves finally fall to the ground and in severe
cases form a brown, leafy carpet over the surface of the soil, leaving
the vines more or less cxposed to the direct rays of the sun. The tips
of the vines, being more tender and succulent, are frequently killed,
so that new branches are developed from the axils of leaves farther
back. The plants, if not killed when very young, recover with the
coming of cooler weather, or if irrigated so that the water comes to
the surface at the top of the ridge. How much of this injury is due
to licht alone is not known. KExperiments have shown, however,
that leaves of swect potatoes exposed to strong light and a moderate
temperature first turn yellow and later become brown, a condition
which was observed in a field of Nancy Hall near Bakersfield, Calif.

Sun scald has been observed to cause a similar injury to the foliage,
although to a less extent, in some sections of the eastern United States.
The leaves at the center of the hill often turn yellow and later become
brown during or immediately following a period of cloudless hot
weather, It frequently results in considerable defoliation for a dis-
tance of 1 to 2 feet from the center of the hill. What is probably
the same trouble has been reported in South Africa by Doidge (37)
as sun scorch,
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STORAGE DISEASE

INTERNAL BREAKDOWN

Internal breakdown of sweet potatoes, which occurs during some
seasons and in some varieties more than others, is apparently more
or less correlated with the conditions maintained in the storage house.
The cells or groups of cells of sweet potatoes that have been in stor-
age for several weeks at a relatively low humidity and high tempera-
ture are frequently torn apart. In extreme cases the separation or
mutilation o(} the tissues results in the formation of cavities of vary-
ing sizes visible to the unaided eye. In cross section (pl. 24, A) the
tissue is somewhat cottony in appearance, the first cavity being found
at the center. In extreme cases (pl. 24, B) internal breakdown can
be detected by the sponginess of the potato when squeezed in the
hand.

Internal breakdown is quite prevalent, specimens of this disorder
having been received from various parts of the United States. Inter-
nal breakdown increases with the increase of time in storage, the
largest percentage of specimens being present in the latter part of
the storage period.

An examination of the affected areas shows that the cells are partly
destroyed and that their starch content is somewhat reduced (83).
Artschwager (7), in an anatomical study of the sweet-potato root,
made also some detailed anatomical observations of internal break-
down tissue. He says with respect to the conditions found:

From the study of the structure of the normal tuber, it will be recalled that
the groups of vascular tissue are separated by undulating bands or areas of
parenchyma. When tubers in the initial stage of breakdown are examined, it
becomes evident at once that the first pathological disturbance has taken place
in the interstitial parenchyma. The cells of this tissue are large, irregular,
and poor in starch; vascular elements and latex tubes are cutirely wanting.
When breakdown occurs, the cells of the affected region become at first more
or less dehydrated; this is indicated by their infiltration with air, giving them
a pure white appearance whereby they stand out strikingly from the surround-
ing tissue. This parenchyma gradually acquires a spongy texture as the
obliteration of cells progresses, leading finally to the formation of smali, poly-
hedral chambers which are lined by the remnants of the destroyed tissue.

No organism has ever been isolated from breakdown tissue. It is
believed that the disturbance is in some way correlated with environ-
mental conditions in storage. A few inconclusive experiments have
been conducted which suggest a possible explanation. Two varieties
of sweet potatoes (Yellow Jersey and Southern Queen) were exposed
in two automatically controlled incubators for three and one-half
months at temperatures of 25° and 29.5° C. and at a relative humidity
of 65 to 70 per cent, and also under storage conditions, as controls.
At the end of the experiment cach potato was examined. It was
found that more breakdown had taken place in the incubators than
in the storage house with a temperature of approximately 12° to
15°. No measurable difference in the amount of breakdown in pota-
toes exposed to temperatures of 25° and 29.5° was noted. There was,
however, more breakdown in the Southern Qucen than in the Yellow
Jersey. Externally the potatoes were perfect, though they were
slightly spongy when pressed, The evidence obtained from numerous
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observations in storage houses and from a limited number of ex-
periments indicate that internal breakdown probably results from ex-
posure to high temperatures, combined with a relatively low humidity.

DISEASE CONTROL
FIELD DISEASES

Certain of the numerous diseases of the sweet potato, such as stem
rot, black rot, foot rot, soil rot, scurf, Texas root rot, and root knot,
are severe enough to justify the application of control measures.
These diseases occur principally on the underground parts of the
plants, on the stems near the soil line, or within the roots and stems.
None of the diseases of the leaves are sufficiently severe to justify the
application of control measures. The diseases in connection with
which remcdial measures are necessary are those in which the causal
organism inhabits the soil as well as the potatoes themselves. This
makes the problem of control on the whole more difficult.

It is not surprising that the first experiments on the control of
sweet-potato diseases were made with fertilizers. In 1880 Dudley
(38) made what probably constitutes the first published report of
the occurrence of any sweet-potato disease in the United States, where
mention is made of a rot that is said to be as destruetive to the sweet-
potato crop as in former years. It is not possible to state definitely
which of the diseases was referred to, but it is believed to be soil rot,
since it was said to be connected in some way with the ground. Some
experiments were conducted with potash, but the disease was not less-
ened thercby. Experiments with commercial fertilizers and other
substances, such as lime, gypsum, and sulphur, were conducted for a
number of successive years for the control of soil rot and other dis-
eases of the sweet potato by the New Jersey station and by Chester
(27) in Delaware. The earliest investigations on the control of sweet-
potato diseases in New Jersey were later repeated by Halsted, who
conducted some very compreliensive field tests with various commer-
cial fertilizers and chemicals for the eontrol of soil rot and black rot.
He only slightly reduced the amount of soil rot by the application of
flowers of sulphur. On the whole, then, the application of fertilizers
and other chemicals to the soil has not thus far adequately controlled
any of the swect-potato diseases. Further consideration of some
phases of this subject will be given later. ]

Following Halsted’s, no investigations looking to the control of
sweet-potato diseases were undertaken until about 1911, wlen Harter,
of the United States Department of Agriculture, and Taubenhaus and
Mauns, of Delaware, began a study of the scveral diseases. These
investigators eoupled their studies of the causal organisms with inten-
sive field tests on control measures. The results of their investiga-
tions and later those of Poole (733) brought out the fact that chemi-
cals could not be wholly relied npon to control the diseases, but that
sanitary measures coupled with careful seed selection must be em-
ployed (70, 75, 185). Since the publication of the three papers just
cited, a considerable number of additional experiments on the control
of sweet-potato diseases have been conducted, the nature and results
of which will be given in some detail.
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For convenience in presentation, the control of sweet-potato” dis-
eases will be considered under the following topies: Exelusion from
foreign ecountries; inspection and eertification; eradication; and
resistant and suseeptible varieties.

EXCLUSION FROM FOREIGN COUNTRIES

It would be possible to cite several diseases that are of minor
importance in foreign countries and that if introdueed into the
United States might spread rapidly and eause enormous losses to the
crop. The fact that a disease may be of little or no economie im-
portance in one country, but very serious in another, is, in part at
least, a justification for the rigid enforcement of a quarantine against
its introduction. To meet such possible emnergencies a plant quar-
antine against the introduction of plants from eertain eountries is
now maintained by the United States Department of Agriculture.
Furthermore, all introductions from whatever country are earefully
inspeeted before they are sent out for propagation. The introduetion
of both injurious inseets and fungous discases may thereby be avoided.

Probably none of the diseases of the sweet potato in the United
States have been introduced. Up to the present time there has been
very little introduction or importation of sweet potatoes into the
United States, although there is some exehange of the plants or pota-
toes between this country and some of the islands of the West Indies.
Some of the diseases are common to both the West Indies and the
United States, but some of the more serious ones, stem rot and foot
rot, for example, are not known to oecur in the West Indies.

Sweet potatoes are grown widely throughout the tropieal and semi-
tropieal world. The diseases in these countries are only imperfectly
known, except in Japan, where the swect-potato industry has bcen
greatly developed in the last few years and now equals about three-
fourths that of the United States. Considerable literature is pub-
lished in the Jupanese language, including at lcast one book dealing
with sweet potatoes and their diseases, several of which have never
been reported as occurring there. On the other hand, some diseases
are common to both Japan and the United States, as, for example,
scurt, caused by Monilochaetes infuscans; black rot, caused by Cera-
tostomella fimbriata; soil rot, attributed by the Japanese investi-
gators to Aerocystis batatae,; and probably stem rot, although from
the literature it is not possible to determine this with eertainty. One
or two of the discases reported only fromn Japan are said to be very
destructive there. :

In view of these facts it is highly important that the diseases of
foreign countries which do not occur in the United States be ex-
cluded. In order to do this sueccssfully it is necessary to know what
the diseases are and on whieh hosts besides sweet potatoes they oceur
which might be introduced by importations into this eountry. ’

INSPECTION AND CERTIFICATION

Although the diseases of the sweet potato are fairly widely dis-
tributed in the United States, there are localities in which they do not
occur or are found only to a very limited extent. In recent years a
considerable industry in the growing of plants for sale and shipment
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has developed in the United States, which has resulted in the wider
and more general distribution of some of the diseases. Potatoes are
alzo sent long distances for seed purposes. The appearance of some
of the worst diseases in some localities has been definitely traced to
the shipment of plants or potatoes from a locality where the diseases
were present.

To prevent the spread and introduction of these diseases some, of
the State legislatures have passed regulations requiring an inspection
and certification of the sced stock and plants before they can be sold.
In 1927 cight States had in operation quarantine regulations that
prevented the importation and sale of plants that did not carry an
inspection certificate, The authority for administering the inspec-
tions may be placed with the several State departments of agricul-
turc or with the State agricultural experiment stations. The 1nspec-
jons are made for both insect pests and plant diseases at designated
times by an entomologist, plant pathologist, or other duly authorized
agency.

Unfortnnately, the methods employed by the different States are
not uniform. All or practically all States require one field, one bin,
and onc bed inspection, and some States more than one. There is
likewise no nnitformity in the percentage of diseased plants or pota-
toes considered permissible in the different States. Each State
passes regulations that seem to meet its own ideas of local needs.
Shipments from one State to another are therefore sometimes
refused because the laws governing inspeection and certification in the
State of origin do not mcect the requirements of the State to which
the plants or sced potatoes are to be sent.

In spite of the lack of nniformity among the States with respect
to sced certification and inspection, the disease situation has mate-
rially improved since the State regulations went into effect. Many
of the plant growers have voluntarily set about cleaning up their
crop, in order to gain the advantage of advertising certified sced
potatocs and plants for sale. Others have been forced to do so for
fear of being refused the right to sell their plants or potatoes for seed
purposes. It is to be hoped that all States will pass regulations gov-
crning seed certification and that they will eventually become uniform
throughout the United States.

ERADICATION

SEED SELECTION

Careful selection of disease-free sced potatoes, coupled with disin-
fection, clean seed beds, and crop rotations (75), offers the best
possibilities for the control of sweet-potato diseases. Some of the
fungi causing these diseases invade the roots and live over the winter
in or on the potatoes in storage. They then grow from the diseased
seed potatoes into or on the plants developed from them. In the
early stages diseased plants are difficult, if not impossible, to detect ;
as a result, many are set in the field, where the fungi later develop.
Tt is therefore imperative that only healthy potatoes be used for seed.

Seed potatoes should be sclected in the fall at digging time while
they ave still attached to the vines, so that any that are diseased
may be discarded. The stem just above the roots should be split
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open and the sced potatoes taken only from plants whose fibrovascu-
lar bundles are not blackened by stem rot. Farmers sometunes in-
sist upon making their selection in the winter or spring from the
stored potatoes by cutting off the ends aud rejecting any with dis-
colored bundles. ~ This is not a safc practice, however, for two
reasons. (1) It is difficult and frequently impossible to tell whether
the potatoes are diseased or not, since the fibrovascular bundles are
often blackened after a few weeks in storage. The rejection of all
potatoes showing any darkening of the fibrovascular ring would
entail considerable more labor and handling than is actually neces-
sary to obtain disease-free seed. (2) It is impossible to detect
infections not sufficiently advanced to darken the fibrovascular ring,
a condition that would apply in a lesser degree to selection in the field.
Under field conditions the stem is lkely to show infection when the
potatoes would not, since the former is usually first invaded. The
presence of the fungus would therefore be revealed by the blacken-
ing of the fibrovascular bundles of the stem before it would show
in the roots. The selections of seed potatoes should be made in the
field, if possible, before a heavy frost or very soon thereafter. The
discoloring of the vascular ring of the stem and roots that occurs
a day or two after a frost is dark, very much resembling the black-
ening caused by stem rot. 'This discoloration does not take place
as promptly in the roots as in the vines. Therefore, if it is iin-
possible to dig and select seed at once, the vines should be promptly
cut. Doing this will prevent to some extent the discoloration of the
fibrovascular bundles of the roots. The potatoes selected for seed
Shmll{ld be stored in baskets or boxes and kept apart from the general
stock.

Seed selection should be made for stem rot, black rot, scurf, soil
rot, and foot rot. In the spring, just before bedding, the selected
seed should be carefully picked over and any potatoes having black
rot, scurf, foot rot, or, in fact, any of the field diseases should be
discarded. It is especially important that this be done, since there
are some diseases like black rot and foot rot that develop after the
potatoes are placed in storage.

SEED TREATMENT

Seed treatment for the control of stem rot, black rot, scurf, and foot
rot is employed for the purpose of destroying the spores of any of
the parasitic fungi adhering to the surface. The hyphae or spores
buried can not be killed by the treatment. Although treatment of
seed sweet potatoes in a solution of mercuric chloride (bichloride of
mercury, or corrosive sublimate, as it is frequently called) has been
recommended for the control of scurt, it gives only a partial control
at most. The hyphae of the scurf organism are buried in the skin,
and consequently they are not killed by the mercury compound.
The writers conducted experiments in which potatoes badly affected
with scurf were treated for different lengths of time (10 and 30
minutes). After treatment the potatoes were bedded in sterile soil,
and the slips produced from them were set in soil on whicl sweet
potatoes had never been grown. The results showed that only partial
control resulted from a 30-minute treatment,
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Additional experiments also showed that the scurf organism on
the slips could not be destroyed by immersing the young plants for
5 and 10 minutes in some of the common fungicides, as, for example,
mercuric chloride (1 to 1,000), formaldehyde (1 to 240), lime-sulphur
(1 to 50), and Bordeaux mixture (5-5-50). The roots, as well as
some of the leaves, were badly injurcd by some of these chemicals,
and many of the plants died soon after they were set in the field.
The greatest injury resulted to those plants dipped in the formalde-
hyde solution, a 5-minute immersion being so injurious as to be pro-
hibitive. When the potatoes were harvested there was more or less
scurf on the plants dipped in all the different solutions. These
results show that scurf can not be adequately controlled by either
treating the potatoes alone or by immersing the plants in certain
fungicides. Any treatment long enough or severe enough to kill the
organisms within the host would, at the same time, seriously injure
the potatoes. The treatment of sweet potatoes for 5 to 10 minutes in
a solution of corrosive sublimate (1 to 1,000) reduces the germinating
power of the potatoes slightly, but at the same time more vigorous
plants are usually produced. The potatoes should be bedded im-
mediately after treatment; rinsing the potatoes in water or drying
them before they are bedded is not necessary. Since mercuric
chloride reacts upon iron or tin, and its disinfecting power is thereby
reduced, only wooden or enamel vessels should be used. A bushel
crate or basket serves as a convenient receptacle for use in dipping the
seed. Grain sacks and gunny sacks, which remove a considerable
portion of mercury from the solution, should not be employed.

For ordinary farm practice a 63-gallon barrel about half full of the
disinfectant answers the purpose very well. If larger quantities
of potatoes are to be treated, a wooden tank holding several hundred
gallons or several barrels in which as many lots of sweet potatoes
can be treated simultancously may be used. A method has been
worked out whereby the solution may be used a number of times
for treatment by the addition of a small quantity of the corrosive-
sublimate crystals and enough water to bring the solution up to its
original volume. The crystals should be dissolved in hot water
before being added to the solution, as they dissolve very slowly in
cold water. Convenient mercuric-chloride tablets containing enough
mercury when dissolved in a pint of water to make a 1 to 1,000 solu-
tion are now on the market. These tablets also contain ammonium
chloride or citric acid (which assists in the ready dissolution of the
mercury without the use of hot water) and a blue dye that colors the
solution.

For the commercial treatment of sweet potatoes the following gen-
eral recommendations should be used as a guide. These recom-
mendations are based on the supposition that the potatoes are reason-
ably free from dirt, which has been shown to remove or fix some of
the mercury. An average of approximately 5 per cent of the mer-
cury is removed by each 5 bushels of potatoes reasonably free from
soil and treated in hampers in a clean barrel ¢ontaining 32 gallons of
solution. In view of this fact, the following recommendations
(198) may be made:

After each 10 bushels of potatoes treated. add two-fifths to one-half ounce of

mercuric chloride and enough water to restore the solution to its original volume.
The solution should be discarded aftcr the treatment of about 0 bushels. If
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a tank holding a larger volume of solution is employed, the proportions of
mercurle chloride and water to be added should be ealculated in accordance
with the quantity of solution originally used and the quantity of potatoes
treated at one time.

After a number of months in storage the spores of Rhizopus on the
potatoes ave generally very numerous. Even under the best possible
storage conditions some of the sweet potatoes often are rotted by this
fungus. It fruits readily and produces spores in great abundance.
Tt is not unlikely therefore that many spores are present on every
potato in the storage house. These spores germinate in a few hours
(201) under favorable conditions of temperature and moisture, with
the result that the potatoes ave frequently rotted in the hotbeds
without produeing any plants. Investigations have shown that sced
treatment with corrosive sublimate lessens the chances of decay in the

seed bed.
SEED-TREATMENT INJURIES

The treatment of seed sweet potatoes by immersion in a solution of
mercuric chloride, formaldehyde. or any of the phenol-mercury com-
pounds tried for even five minutes is likely to be followed by some
injury, which increases with the length of the treatment and the eon-
centration of the solutions. Formaldehyde apparently causes more
injury (pl. 25, A) than mercuric chloride (pl. 26, B), and for that
reason is not recommended. The injury seems to be caused by the
disinfectant penetrating the potato through wounds caused by bruis-
ing and through lenticels and dead rootlets. The eells thus killed
collapse, leaving from a few to many small more or less circular pits
1 millimeter to 1 centimeter or more in diameter.

PREPARATION AND MANAGEMENT OF THE SEED BED

The use of clean seed beds will help to reduce the black rot, foot
rot, scurf, Sclerotium rot, Rhizoctonia, and possibly to a limited
extent the stem-rot diseases. The preparation of the bed should re-
ceive attention primarily from the standpoint of sanitation. Almost
any method for its preparation that guarantees freedom from dis-
ease-producing organisms may be used. The repeated use of the
same soil year after year in the seed bed is one of the chief means of
perpetuating sweet-potato diseases. After the .plants are all pulled
from the bed the soil often is either left in the beds or thrown to one
side with all the decayed potatoes and manure. The organisms con-
tained therein multiply, and if the soil is used again the followin
year these serve as sources of infection for the new crop, If this soil
1s simply thrown to one side, many of the parasites contained therein
find their way back into the new bed. It is therefore imperative
that the soil or sand from the old beds be disposed of and replaced
with new soil or sand for the new crop. Before new soil is added the
framework should be disinfected by thorough spraying with a solu-
tion of formalin—1 pint to 30 gallons of water. This treatment
should be repeated after 24 hours, if possible. Tf more convenient, a
solution of copper sulphate—4 pounds to 50 gallons—may be used
instead. It makes no difference in this operation what disinfectant
is used. The rubbish and decayed sweet potatoes should be gathered
up from around the bed and destroyed and the ground thoroughly
sprinkled with a disinfectant.
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The source of the soil or sand for the hotbed is of primary im-
portance. The use of soil from fields where sweet potatoes have
been grown should be avoided, if possible. A good quality of sand
that does not form a hard crust will give better and stronger plants
than soil and is much less likely to be infested with disease germs.
When it is possible, the soil or sand should be obtained from the
woods or from uneultivated fields. Tt is a good practice to throw off
the surface 6 inches and use the subsoil. The same farm implements
nsed to handle and haul away the old dirt should not be used to
handle new soil or sand without first being cleaned and disinfected
with a solution of either formalin or corrosive sublimate,

When other sources of heat are available for the sced bed the
nse of stable manure is not recommended, for reasons already men-
tioned. The chances of introducing the disease germs in the seed
bed by employing manure to generate heat or to stimnlate the growth
of the plants by mixing it in the soil about the potatoes and plants
is so great that the practice should be discouraged. Iarmers some-
times hesitate to nse pure sand in the seed beds, believing that no
food is contained therein for the use of the plants. This question
has been thoroughly considercd by the writers, and experiments
made by them have shown that better rooted plants can be obtained
in sand than in rich dirt. The rcasons for this are obvious. To
understand why it is so, one needs only to remember that the mother
potato can and docs furnish all the food required by the young
plants. In rich sotl the development of a large root system would be
unnecessary, since the plants as they grow older and begin to search
for food and water outside of the mother potato are able to obtain
all the plant food neceded close at hand. In sand, however, food
materials are scarce, and an abundant root system is develéped in
order to obtain plant food.

Objections to the removal of the soil from the seed bed every
vear are sometimes made, the farmers preferring to disinfect it in-
stead. The writers strongly recommend the use of new soil, but if
disinfection of the old sotl 1s insisted upon formaldehyde should be
used. The soil should be piled np and then soaked with a solution
of formaldehyde, 1 pint in 20 gallons of water. The treated soil
should be covered witl a canvas or tarpaulin, to confine the fumes
as much as possible and to prevent reinfestation with disease germs.
Soil disinfected with formaldehyde can not be used immediately,
because of the danger of injuring the potatoes. A week or more
should elapse after treatment before the soil is used in the seed
bed. Meanwhile frequent stirring should be given to assist the gas
to escape. The soil should never he treated while it is spread over
the bed, especially if stable mianure is used under it to generate
heat. With the idea of reducing the labor to a minimum, farmers
have treated the soil in the bed and at the same time have soaked the
manure below. This naturally sterilized the manure, rendering it
useless as a source of heat, resulting finally in the entire loss of the
bed fromn the rotting of the potatoes. In view of the cost, labor
required, and risk to be taken, this method is not recommended unless
carried out under expert supervision.

Notwithstanding the fact that sand is superior to soil in which to
bed sweet potatoes, care must be taken to prevent the bed from getting
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too hot and dry. Sand dries out rapidly and upon exposure to the
direet rays of the sun may get hot enough to burn the young sprouts
before they emerge from the soil. (PL 25, B.) This danger can be
averted by shading the bed with eanvas or by other means during the
hottest part of the day or by keeping the sand moist at the surface
by the application of a small quantity of water. The temiperature
about the potatoes in the hotbed should be maintained as nearly as
possible at 75° to 85° F. A temperature of 90° is not dangerous,
and sweet potatoes will endure 100° for a short time. Affer the
potatoes have germinated, the temperature should be lowered and the
cover removed from the bed in the daytime during fair, warm
weather, in order to prevent the plants from growing too rapidly
and beeoming too sueculent and tender. In other words, sweet-potato
plants shonld be hardened before they are planted in the field.

The applieation of stable mannre or of mineral fertilizers as a
top-dressing to sweet-potato sced beds is not advisable. The mother
potato contains all the nourishment required to grow plants large
enough for planting, and if the sand or soil is poor in nutrient
material better rooted plants are developed than when food materials
in the form of stable manure or mineral fertilizers are elose at hand.
Sodium nitrate applied alone or in combination with other food ele-
ments if not judielously used may eause injury to the young spronts
before they emerge from the soil and even to the potatoes themselves.
(P1. 26, A\) Injuries to the plants and potatoes caused by the inju-
dicious applieation of fertilizers have often been attributed to some
disease such as black rot. The growing tips of the young sprouts
before they emerge from the soil are very sneeulent and tender and
are easily injured or even killed by a dilute solution of sodium nitrate.
The sprouts seldom eompletely recover from ehemieal injuries. The
potatoes in the bed are less likely than the sprouts to be injured by
the applieation of sodium nitrate or of a eomplete fertilizer. When
the potatoes are injured the injury usually oecurs on the upper
surface in a somewhat irregularly shaped water-soaked region one-
ei%hth to one-fourth of an ineh in depth. Sueh organisms as
Rhizopus nigricans may gain a foothold in such wounds and cause
a complete decay of the potato. '

Srir SEED

_ Slip seeding as practiced in the South, where there is a long grow-
ing season, ean be reeommended for the following reasons: (1) The
quantity of potatoes re(%uired for bedding is greatly redueed ; (2) it is
an efficacious means of controlling some of the important diseases
when intelligently applied; and (3) better yields are claimed and
frequently are obtained.

_Briefly the methods of slip seeding are about as follows: A quan-
tity of potatoes, the number depending upon the acreage fo be
planted, are bedded early in the spring. When the plants in suffi-
cient numbers are large enough to pull they are set out to provide
slips for planting the main crop. If eond}i,fions are favorable, by
May or June each plant has produced several long vines, which are
cut into sections to inelude about two nodes and set in the field with
the end nearest the hill below ground. Many acres may be set in
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this way. The plant develops roots in a short time and by the middle
of October or the first of November will produce & full erop.

Slip seeding is hardly possible in the northern sweet-potato belt
because of the shortness of the season. When intelligently done it is
an efficacious means of controlling and eradicating sweet-potato dis-
eascs. The requirement that healthy plants from the seed bed must be
set in soil free from disease-producing organisms applies also to vine
cuttings. Experiments have shown that a large percentage of the in-
dividual cuttings become diseased if they are planted on soil infested
with the stem-rot fungi. The same would doubtless hold true for
black rot, for the reason that the entrance of the parasite is greatly
favored by the wound made in cutting the vines. The writers have
examined quantities of slip-seed stock botlh in the field and in storage
and fonnd an abundance of black rot, stem rot, foot rot, scurf, and
whatever discases are known to the locality.

To obtain results from slip sceding, the following preeautions must
be taken: (1) The cuttings should be made from healthy vines. This
will seem obvious wlen it is remembered that the stem-rot organisms
often grow into the vines 8 feet or more from the hill and that it
is necessary sometimes to break open the cortex in order to detect it.
(2) The cuttings should be planted on new ground or on ground that
lias not grown sweet potatoes for at least six years. (3) The potatoes
from cnttings must be picked over and disinfected in the spring be-
fore being bedded. according to directions already given. (4) The
potatoes must be bedded in a bed prepared according to directions
given above.

FERTILIZERS AND Soil. TREATMENT

Lime and gypsun have been used on soil infested with the stem-
rot fungus without noticeable difference in the proportion of disease
in the succeeding crop. Fertilizers arc not believed to exercise any
control over stem rot, although the writers have not personally given
attention to this phase of the problem. It was thought to be of such
doubtful possibility that fertilizers were disregarded in searching for
control measures. That these predictions were not wholly unfounded
can be inferred from the work of Jones and Gilman (101), who,
as a result of extensive experiments with fertilizers, came to the con-
clusion that they were valueless in controlling the yellows of cabbage
caused by Fusarium conglutinans, a disease very similar to the stem
rot of sweet potatoes. Instead of decreasing the disease, mineral fer-
tilizers have been shown to increase the severity of stem rot. Poole
(136) found that a fertilizer consisting of ammonia 2 per cent, phos-
phoric acid 8 per cent, and potash 7 per cent, when applied broadcast
m the row, if not dissolved by rains before planting, caused injury
to the roots through which the stem-rot organisms entered. Kainit
as a source of potash was found to cause more injury than the muriate.
No injury resulted from the use of sulphate of potash.

Undissolved fertilizers in contact with the roots eause dwarfing of
the plants. The vines are short or wanting, the plants growing more
or less erect aud rigid. The internodes are abnormally short (one-
fourth to three-fourths of an inch), leaves bronzed, rather crisp and
small (about one-third normal size), with short petioles. No fleshy
roots are produced, the fibrous ones being apparently normal. The
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plants are often killed by fertilizers, but those which survive often
revive and yield a fair crop following a rain sufficiently heavy to dis-
solve the potash. In some of the earlier mmvestigations Halsted and
Chester, in New Jerscy and Delaware, respectively, applied different
fertilizers for the control of black rot and soil rot, without any out-
standing beneficial results. Halstead found that the application of
the flowers of sulphur decreased soil rot, the yield of potatoes free
from soil rot being proportional to the quantity of sulphur applied.
Grantham and Manns (58) showed, on the other hand, that lime
inereased soil rot. In general, it has been fairly well demonstrated
that substances tending toward acidity decrease soil rot and alkaline
ones increase it. The flowers of sulpliur were tried by Selby (154) as
a eontrol for soft rot. He obtained no eontrol, but it was found that
smoother potatoes were obtained. .

Soil rot is a disease especially difficult to control. Experiments
conducted by the New Jersey Kgrieultural Experiment Station as
early as 1880 (38) on the control of what the writers believe to be soil
rot showed the application of fertilizers tobe ineffective. Experiments
by Halsted and by otlers in more reeent years have shown that the
use of fertilizers and chiemieals applied to the soil gives very little
control, although it was found by Halsted, Poole, Adams, and others
(114) that the applieation of the flowers of sulphur somewhat n-
ereased the yield of clean roots, the inerease being in proportion to
thie quantity of sulphur applied up to about 300 pounds to the acre.

Experiments conducted by the writers in New Jersey for two years
showed that the applieation of clhiemicals gave no eontrol. These
experinients were repeated in Delaware in 1919 and 1920 on a 1-acre
field that Liad been 1n sweet potatoes consecutively for 13 years and
was so badly infested with soil rot that a crop could not be grown.
Stable manure, lime, potash, phosphate, sulphur, table salt, and
other substanees were used alone or in combination without giving
control. The yield was slightly better where stable manure was
applied. This was due to the stimulation of growth rather than to a
reduction in the pereentage of soil rot.

In recent years considerable interest has been aroused in the use of
inoculated sulphur as a praetieal means of controlling certain dis-
eases of sweet potatoes. Poole (133), Adams (3), and Manns and
Adams (779) have demonstrated the effieacy of inoeulated sulphur in
tlie eontrol of seurf and soil rot. Poole found that 300 to 400 pounds
of inoceulated sulphur applied broadcast about oune month before
planting reduced eonsiderably the loss from scurf and soil rot.
Adams found that not only were seurf and soil rot greatly reduced b
the application of sulphur, but evidenee was obtained which indi-
cated that blaek rot in thie field and its development in storage was
reduced. He found that 300 pounds of inoculated sulphur was all
that could be used safely in Delaware without danger of injury. He
demonstrated that sulphur not only reduced the proportion of disease
but that it actually acted as a fertilizer. The evidence indicates that
inoeulated sulphur at the rate of 200 to 300 pounds per acre applied
broadeast several weeks before the plants are set out will partially
eontrol scurf, soil rot, and possibly black rot. Care must be taken,
however, not to afply too much sulphur or to apply it too often, since
the application of excessive quantities of sulphur will cause injury to
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the plants and to the potatoes not only during the year it is applied
but during succeeding years.

CroP RoTATION

Since plants are often infected in the field, it would be a waste of
time, labor, and money to grow disease-free plants and then subject
them to the danger of infection by planting them on ground where
the disease occurs. It is not known definitely how long the fungi
causing the several sweet-potato diseases will live in the soil without
their natural host, but it probably is several years. It is not likely
that all fungi survive the same length of time in the soil. Neither
is the danger from field infection the same for all fungi. I oot-rot
infections in the field are few, so that rotation for this disease alone
would not be highly essential. However, no place is known where
foot rot is the only sweet-potato disease of importance. The organ-
isms causing stem rot, black rot, scurf, and soil rot remain in the soil
for several years, so that the rotation should be as long as is consistent
with the usual farm practices, but certainly not less than three or
four years; and where soil rot is bad a longer rotation is recom-
mended. Any crops common to the district may be used in the
rotation, since these fungi are not parasitic to other crops. Fusarium
hyperoxysporum, one of the stem-rot fungi, has been successfully
inoculated into Ipomoea hederacem, a common inhabitant of sweet-
potato fields. However, diseased specimens of this species have
never been found under natural conditions. Several species of Ipo-
moea have been artificially infected with Ceratostomella fimbriata,
the fungus causing black rot, but no diseased plants have been found
in the field where black rot was present. The sweet potato and a wild
species of morning glory, Ipomoea hederacea, are presumably both
hosts for the white-rust fungus, Albugo ipomoeae-ponduranae.
White rust is rather common in sweet-potato fields in some parts of
the world during weather favorable to its development, although in
the United States it is seldom severe enough to cause any damage
to the crop. From the standpoint of the farmer the species of wild
morning gplory, therefore, need not be considered as of any particular
importance.

RESISTANT AND SUSCEPTIBLE VARIETIES

The question of varietal resistance and susceptibility is one of con-
siderable economic importance in the control of plant diseases. The
introduction, selection, or breeding of resistant varieties and strains
is sometimes the only solution of the disease problem. During a

eriod of six years careful notes have bcen taken of the occurrence
of the several diseases in the various sweet-potato varieties. Further-
more, considerable experimental work has been done in testing the
resistance and susceptibility of the different varieties to the several
diseases of economic importance.

StEM RoT

Some of the commercial varieties of sweet potato (Yellow Jersey,
Big-Stem Jersey, Red Jersey, Nancy Hall, Porto Rico, Gold Skin,

6176°~—29-——T
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and Belmont) are extremelf susceptible to stem rot, and a large per-
centage of the plants are likely to become diseased during the grow-
ing season. On the other hand, there are a few varieties (Pumpkin,
Pierson, Creola, Dahomey, Southern Queen, Red Brazil, Yellow
Strasburg, White Yam, Haiti Yam, Triumph, and Key West Yam)
which, when planted on badly infested soil, will give a good ecrop,
the infections, if there are any, being so slight as to cause little or no
apparent loss. Harter and Field (87) have shown that some of these
varieties, while immune under natural conditions, could be infected
to a slight degree by artificial inoculation. In such cases the fibro-
vascular bundles were blackened 1 or 2 inches on each side of the
court of inoeulation.

More recently Poole (135) has tested several of the southern
varieties and several strains of the Yellow Jersey on badly infested
soils in New Jersey. The results of these investigations showed that
White Yam, Red Brazil, and Triumplh were almost entirely immune
to stem-rot infection and in some cases produeed an excellent yield.
The different strains of the Yellow Jersey variety and the Nancy
Hall and Porto Rico were from 15 to 60 per cent susceptible to the
disease. Harter and Whitney (96) investigated the relative suscepti-
bility of 21 varieties at two stations in Delaware on naturally in-
fested soil. Among the varieties were several known to be very sus-
ceptible to stem rot and others more or less resistant. The collec-
tion included most of the varicties grown on a commercial seale in
the United States. These varieties were grown for four consecutive
years at one of the stations and for two at the other. The results
showed that none of the varieties is immune. Aniong the sus-
ceptible varieties the mortality was high the early part of the season,
though more plants continued to die throughout the summer and fall.
On the other hand, only an occasional plant among the more-resistant
varieties became infected or died.

The roots and stems were carefully examined for infection b
cutting open the roots with a knife when the crop was harvested.
The examination of the plants at this stage of growth revealed the
fact that some were mildly infected, but as they did not exhibit any
external symptoms they were recorded as not infected. The infec-
tion took place throngh the wound made by pulling the plants from
the mother potato, at a soil-rot lesion, or at a wound made by other
means. It extended only a very short distanee from the point of
entrance. Apparently no injury was caused, the plants yielding a
normal crop.

Another method for meeting the stem-rot situation has been
worked out and recommended by Poole (728). By this method no
attempt was made to control stem rot but to grow a crop in spite of it.
By means of a series of experiments in New Jersey, with susceptible
Jersey strains, Poole showed that a normal erop could be grown on
badly infested soil by planting two or three plants in a hill instead
of one. Whether or not two or three plants shonld be set in a hill
depended on the severity of the soil infestation. He found that
one or two plants in a hill would usually escape infection, so that a
full stand and normal crop was produced. If all the plants in a hill
should escape infection, only one produced potatoes. The disease
‘was not necessarily transmitted from diseased plants to healthy ones -
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of the same hill. Poole demonstrated that the return per acre by
this method exceeded the additional cost of growing and setting two
or three plants in a hill. Whether or not this method will solve
the stem-rot problem permanently remnains to be seen. Theoretically,
one would expect the infestation of the soil and the infection of the
seed potatoes to increase to a degree where not even one plant out
of three would remain healthy and yield a normal erop.

The substitution of one variety ofy sweet potatoes resistant to stem
rot for another in any region can not be done alone upon the basis of
their resistance to disease. It is a well-known faet that a variety
that is productive in one region is not necessarily so in another. For
instance, the Yellow Jersey, which produces potatoes of exeeptional
quality and shape in New Jersey and Delaware, may produce a very
stringy, rooty potato in the South. Furthermore, some of the sweet
potatoes very productive in the South, such as Red Bermuda and
Florida, yield poorly in the Northern States.

Brack Rot

Tield data collected for a number of years show the following
varieties to be susceptible to black rot: Nancy Hall, Yellow Jersey,
Big-Stem Jersey, Red Bermnuda, White Yam, Southern Queen, Pier-
son, Florida, Yellow Strasburg, Key West Yam, Red Jersey, Daho-
mey, Red Brazil, Yellow Yam, Vineless Yam, Belmont, White Gilke,
Pumpkin Yam, Eclipse Sugar Yam, Porto Rico, and Triumph.
Natural infections of these varieties have been found in the storage
house, as well as in the field or seed bed, or both.

Harter, Weimer, and Lauritzen (9) supplemented the above
observations by conducting a 4-year test of 21 varieties, including
most of those grown commmercially. The roots of the young plants
were dipped in a spore suspension of the blaek-rot fungus just before
they were set in the field. Many of the plants were killed when quite
young, but others survived and produced a crop. When the erop
was harvested a few diseased speciimens were observed, the percentage
of apparently infected potatoes being rclatively small. At digging
time 1 bushel of each variety was taken just as they eame from the
field and stored at a temperature and humidity suitable for the devel-
opment of black rot. At the end of about seven weeks they were
removed from storage and observations made on the condition of the
potatoes. It was found that during the storage period a large per-
centage of the potatoes of all varieties bore one or more black-rot
lesions. It is evident from these results (1) that, even though there
is little evidence of infection when the potatoes are harvested, there
may be many infections too small to be seen with the ‘unalded eye
which quickf;r develop when the potatoes are placed in favorable
situations; and (2) that, so far as the varieties used in these experl-
ments are eoncerned, none of them are Immune or sufficiently resist-
ant to black rot to warrant continued planting on the same ground.

Foor Ror

The foot rot eaused by Plenodomus destruens is a disease to which
there seems little hope of obtaining resistant varieties. Inoculation
experiments have demonstrated that a large number of the common
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varieties are susceptible, as the following list will show: Yellow
Jersey, Big-Stem Jersey, Pierson, Yellow Strasburg, Red Jersey,
Red Bermuda, Southern Quecn, Dooley, Yellow Yam, Pumpkin
Yam, Vineless Pumpkin Yam, and Triumph. It is not unlikely
that all varieties are susceptible to foot rot. o i

During the summer of 1917 the above-named varietics growing
in the field were inoculated with an organism that had been carried
in culture since 1912. This strain carried in culture for five years
failed to infect, probably owing to the loss of parasitism, although
it was exceedingly virulent in 1912 and 1913. During 1917, after
the above inoculations were mace, a fresh isolation of the organism
was made from sweet-potato plants from California. This strain
proved to be very parasitic, and the organism was isolated from some
of the diseased plants. The season was too advanced for satisfactory
field tests, so the varieties listed above were grown in pots of sterilized
soil in the greenhouse, and after the plants werc well started they
were inocnlated with the virulent strain by the insertion of spores
and hyphae into the stem at about the soil line. A large percentage
of all the inocnlated varieties devcloped typical symptoms of the
disease in onc to {wo months.

TExAS RooT RoT

Texas root rot is very destructive to a great variety of crops, in-
cluding the sweet potato, in Texas, Oklahoma, New Mexico, Arizona,
and a fcw other places. It has been reported from Mexico. So
far as the writers are aware no tests have been made of the varietal
resistance and susceptibility of sweet potatoes to the Texas root
rot, and no effective control measures have been worked out. Shear
and Miles (757) found that deep fall cultivation reduced the sever-
ity of the disease. Clean cultivation and crop rotation with immune
crops, such as some of the grasses and ccreals, are beneficial. King
(702) found that the spread of the disease could be arrested by
soaking with formaldehyde (1 part of 40 per cent formalin to 100
parts of water) an area 214 to 3 feet wide outside the diseascd
spot to a depth of about 4 feet. King and Loomis (70}) found
that the methods recommended for the control of root rot in Texas
were not efficacious in New Mexico. They demonstrated a consid-
erable increase in yield by the application of 10 or more tons of
stable manure per acre to the soil in New Mexico. They reduced
the area affected by the addition of organic materials, such as
spoiled alfalfa, to the soil. The disease was not eliminated by the
use of stable manure, but the benefits derived from it by the plants
seemed to enable them to yield a crop in spite of the presence of

root rot.
SCURF

No varieties are resistant to scurf, so far as is known. From
data collected over a period of years the following varieties werc
found to be snsceptible : Yellow Jersey, Red Bermuda, Japan Brown,
Red Brazil, Florida, White Gilke, Vincless Pumpkin Yam, Pump-
kin Yam, Eclipse Sugar Yam, Porto Rico, Triumph, Yellow Yam,
Yecllow Strasburg, Creola, Belmont, Pierson, White Yam, Key West
Yam, Big-Stem Jersey, Nancy Hall, Southern Queen, Dahomey,
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and sevcral unnamed varieties. Most of these varieties have been
tested by McClintock (777), some of which had little or no scurf
when grown for a season in Virginia. The writers have found, how-
ever, that somc of the varieties mentioned by him as having little
or no scurf were the most susceptible and worst affected in other
parts of the country. It is believed there is little difference in the
susceptibility of the different varieties, since varieties which have
shown slight infection in one section of the country were the worst
infected in another,
SoiL Rot

A test of 20 varieties of swcet potatoes for resistance to soil rot,
both in New Jersey and in Delaware, showed that in general those
with red skins werc more resistant than those with white and yel-
low skins. All of the varieties tried were suseeptible to the disease
in varying degrees, Big-Stem Jersey, Nancy Hall, Porto Rico,
Pumpkin Yam, Dooley, Yellow Jersey, and General Grant Vineless
are very susceptible; Red Bermuda, Dahomey, and Red Brazil show
considerable resistance. Intermediate between these two groups may
be listed such varieties as Pierson, Southern Quecn, Yellow Stras-
burg, Red Jersey, Triumph, Yellow Yam, Florida, and Whitc Yam.

The use of resistant varieties can not be applied generally to the
control of soil rot. Although the rcd-skinned varieties are more or
less immune in some parts of the South, there is very little soil rot
where they are grown. Where the susceptible white-skinned or yel-
low-skinned varieties are grown, the red-skinned varieties might be
substituted for them. On the other hand, none of the relatively resist-
ant varieties are grown in the northern sweet-potato belt, except the
Red Jersey, which has been largely replaced in recent years by the
Yellow or Big-Stem Jersey. The growers in New Jersey, Delaware,
Maryland, and Virginia, as well as in some of the other States, have
established a market in the large cities (like New York, Boston, and
Philadelphia) for yellow-skinned potatoes of the Jersey type. In
view of this, together with the fact that losses are more or less'local, it
would seem unwise to attempt the introduetion of a resistant varlety
unknown to the market unless some other decided advantage was to be
gained.

WHITE RUST

Observations and notes taken at the Virginia Truck Experiment
Station at Norfolk, Va., in 1917, a season in which there was a rather
general infection of white rust, showed that practically all the com-
mercial varieties are susceptible to this disease in varying degrees.
Table 2 shows approximately the degree of infection of the different
varieties on August 27, 1917. i

Albugo ipomoeae-panduranae is said to occur on a number of
species of Ipomoea. ~Although no cross inoculations have been made,
considerable evidence is at liand which indieates that the organism
occurring on 7. hederacea is different from the one occurring on the
sweet potato. 7. hederacea badly infected with white rust grows
abundantly among sweet-potato plants without the latter being
infected. In 1918, near Rosslyn, Va., white rust was first noticed
on 1. hederacea in August, and after that time it increased in sever-
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ity,
the entire summer.
at least biologieally different.

but not a single sweet-potato leaf was found infected during
These facts suggest that the two organisms are

TABLE 2.-—Relative susceptibility of swect-potato varicties to white rust (Albugo
ipomoeae-panduranae) on August 27, 1917

Very badly Badly infected Nedium infection | Slight Infection No infection
infected
Red Jersey. Creola. Porto Rico. Triumph. Vineless Pumpkin
Yellow Jersey. Dooley. Southern Queen. Belmont. Yam.
Red Bermuda. Big-Stem Jersey. Eclipse Sugar Yam. | Pumpkin Yam,
Nancy Hall. Florida. ‘White Yam. Vineless Yam,
Gteneral Grant Vineless. | Key West Yain,
Pierson.
Yellow Strasburg.
Red Brazil. |
Dahomey.
Yellow Yam. |
|

No morplological study has been 1nade of the organisms from the
different species of Ipomoea. However, the %ungi from both
1. hederacea and I. batates have been examined frequently, and no
morphological differenees between the two have been noted.

DISCUSSION

Certain varieties of sweet potatoes have been grown continuously
in some regions for many years. This eontinuous eultivation of one
or two varieties has enabled thie farmers to establish a good market
for their erop. For example, the Yellow Jersey, grown largely in
New Jersey and Delaware, finds a ready market in the large eities
of the East. These markets do not readily take the yam types so
generally grown in the South. In the far South, where the yamn
types are mostly produced, a different market has been established
and oune whieh prefers those types to any other. In faet, the mar-
kets preferring the southern sweet potatoes do not like the Yellow
Jersey or similar varieties and will not accept them if others can be
obtained. To substitute the southern varieties for the Yellow Jer-
sey types in the stem-rot-infested soils of the Nortlh would mean the
loss to the farmer of a profitable industry, or, at least, it would
force them to build up a new market for thcir crop.

There seems to be little hope of producing a strain of sweet pota-
toes resistant to disease. The manner of their reproduction, that is,
vegetatively, would seem to warrant the eonclusion that little in the
way of results ean be expected by selection. The writers selected
plants free from stem rot eaeh year for six years, and there was no
evidenee of increased resistance, :

To control or eliminate the several destructive diseases of sweet
potatoes suecessfully requires careful attention to sich matters as
seed selection, seed disinfection, carc in the preparation of the seed
bed, and crop rotation (75, 733). If these detalls are carefully fol-.
lowed at eaeh step the losses can be redueed to a minimum. Un-
doubtedly one of the most difficult of the diseases to eontrol is stem
rot. The writers have learned from experienee that the use of what
may be called a “ breeding plot” is of considerable value in eradi-
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cating stem rot and other diseases. While it is advisable to pull up
and destroy all diseased plants, it is a big task where the acreage is
large. Where it is not possible to do that, it is recommended that
the farmer set aside a part of his field from which he will take his
seed-potatoes for the next crop and rogue out all diseased plants from
it during the entire summer. Such a practice docs not involve great
labor and will greatly improve the crop in a year or two. This
method is especially to be recommended if the stems are not split
when selecting for seed. It is the custom among farmers to use the
second-size potatoes, or those just smaller than the market size, for
seed purposes. The diseased plants, if they produce potatoes at all,
are more likely to give a large number of potatoes of about the cus-
tomary size for seed rather than large ones. Therefore, if the seed
selection is made on this hasis, a large percentage of the diseased
potatoes would be nsed for seed. To prevent diseased plants from
producing seed by pulling them up and destroying them would elimi-
nate much loss in the succeeding crop. This practice should be
followed each year.

SUMMARY OF CONTROL MEASURES

The preceding discussion of control measures of the field diseases
embodies considerable experimental data, which hiave been presented
in detail. For the convenience of those readers who are interested
merely in the methods to be employed, the control measures are here
summarized briefly by diseases.

STEM RotT

At digging time select seed potatoes from disease-free plants, as
determined by splitting the stem from abont the soil line into the
roots. Disinfect the potatoes before bedding in a 1 to 1,000 solution
of corrosive sublimate for 5 to 10 minutes. Use a clean seed bed.
Plant in noninfested soil. Rotate with other crops. Grow resistant
varieties when practicable. The application of fertilizers is of no
value so far as the control of this disease is concerned. The causal
organisms do not cause a storage rot.

Bracxk Ror

Select seed potatoes free from black-rot lesions. Selections should
be made both in the fall and in the spring just preceding bedding.
Disinfect as for stem rot. Bed in clean soil. Plant in noninfested
soil and rotate with other crops. Black rot is also a storage disease.
Fertilizers do not reduce the percentage of black rot. There are no
resistant varieties.

Foor Ror

Tnfections with the foot-rot organism do not take place to any
extent in the field, but almost entirely in the seed bed. It is there-
fore important to select disease-free seed and disinfect it thoroughly
in a solution of mercuric chloride in the proportions given for stem
rot. Use an uninfested seed bed, plant in soil free from the foot-rot
fungus, and rotate with other crops.
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Texas Roor RoT

Texas root rot occurs in fields in Texas, Oklahoma, New Mexico,
and Arizona. Deep fall plowing will reduce the disease. Clean cul-
tivation and rotation with immune crops, such as some of the grasses
and cereals, are beneficial. Soaking the soil to a depth of about 4
feet with formaldehyde (1 part formalin to 100 parts water) just
outside the diseased spot will prevent further advance of the fungus.

SCURF

Select scurf-free potatoes for seed. Disinfect as for stem rot. Use
an uninfested seed bed. Rotate with other crops. Plant in unin-
fested soil. Scurf is worst in soils containing a considerable propor-
tion of organic matter, such as stable manure. No resistant varieties
are known. Scurf spreads very little or not at all in storage. The
application of 200 to 400 pounds of inoculated sulphur broadcast per
acre reduces the extent of infection.

Soir Ror

Soil rot, as far as is known, is not communicated from the seed
potatoes to the plants produced therefrom. Infections take place in
the field. Rotate with crops other than sweet potatoes for several
years on infested land. Build up the soil by growing green-manure
crops. Inoculated sulphur broadcast at the rate of 200 to 400 pounds
per acre reduces the amount of soil rot and increases the Yield. Soil
rot does not cause any loss in storage.

SCLEROTIAL BLIGHT

Sclerotial blight occurs in seed beds when humidity is high and
weather warm. When beds are covered with canvas or sash the
blight can frequently be controlled by removing the-sash to reduce
the humidity. Stirring the soil is also helpful.

STORAGE DISEASES

In the preceding pages it has been shown that there are several
organisms that cause both field and storage disease. For conven-
ience in presentation, the storage diseases from the standpoint of
control can be divided into two groups, namely, those that cause
diseases in the ficld and in storage and those that cause loss in
storage only. To the first group belong black rot, scurf, and foot
rot. Soft rot and ring rot occasionally occur in the field, but they
can not be considered as field diseases. The control of storage rots
will therefore be considered under (1) elimination, (2) digging and
bandling, (3) the storage house and its management, and (4)
fumigation of potatoes in storage.

ELIMINATION

_Black-rot and foot-rot infections that originate in the field con-
tinue to develop in storage. Scurf, while not increasing to any
extent in storage, causes considerable loss from shrinkage and reduc-
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tion in market value by the unsightly appearance of the potatoes.
Black rot and foot rot spread in the storage house. It is, of course,
possible to reduce the loss from these diseases, even though they are
present in storage, by the proper management of the house, but it
is not possible to climinate them. The surest way is-to eradicate the
organism entirely, which can be done by the use of the proper sani-
tary methods of control; that is, by careful seed selection and
disinfection, by the preparation of a clean seed bed, and by crop
rotation.
DIGGING AND HANDLING

Every sweet potato is wounded when it is broken from the stem,
and it is principally through these and other wounds that most
of the storage-rot fungi are able to enter. A point to be emphasized
in this connection is that care must be exercised not to wonnd and
bruise the potatoes any more than is necessary during the process
of digging and storing. Some potatoes are unavoidably cut and
bruised when they are plowed out, and considerable unnecessary
bruising frequently occurs during subsequent handling. Instead
of being thrown from several rows into one pile, they should be
carefully pulled from the vine and laid in a basket or in crates
if crates are used for storage. The potatoes should be allowed to
dry for an hour or two in the sun before they are taken to the stor-
age house, thereby permitting the dirt to dry and the skin to harden.
Tf the potatoes are stored in bins, they should be poured out of the
haskets or crates with great care. Several bins should be filled
simultaneously, so as to allow the moisture to escape as freely as
possible.

Tt must not be forgotten that there must be a wound before in-
fection by most, if not all, storage-rot organisms can take place,
and that the greater the care with which the potatoes are handled
the less the danger of bruising and wounding: Beattie (7}) rec-
commends that the potatoes be taken from tle field in padded baskets
and spring wagons; also that the digging be done on a bright, sun-
shiny, windy é:ay, so that the potatoes may lie exposed to the sun
and wind for one or two hours before being hauled fo the store-
house.

THE STORAGE HOUSE AND ITS MANAGEMENT

The storage house should be constructed so that the temperature
and humidity can be controlled. Directions for the construction of
an efficient storage house have been worked out and published by
Thompson (187).

Before sweet potatoes are stored, the house should be thoroughly
cleaned and then disinfected by any one of several methods men-
tioned below, or it should be wﬁitewashed. The house may be dis-
infected by spraying once or twice with a solution of copper sul-
phate to which a little lime has been added to give it a white color,
or it may be sprayed with Bordeaux mixture. The application of
a coat of whitewash will serve the same purposc. Winter strength
of lime sulphur may be effectively used to disinfect the house. A
still better method is to disinfect with formaldehyde gas frced by
the addition of formaldehyde to potassium permanganate. The
proportion should consist of 3 pints of formaldehyde and 23 ounces
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of potassium permanganate for each 1,000 cubic feet of space. The
permanganate should be placed in deep rcceptacles, the formaldchyde
poured on it, and the house closed immediately. Formaldchyde gas
is an irritant and should be kept out of the eyes and lungs; for that
reason it is necessary to work rapidly. The house should be kept
tightly closed for at least 24 hours, If the house is large, several
receptacles in different parts of it should be employed. In order to
dry the house out thoroughly a fire should burn slowly in it for a few
days before the potatoes go into storage, and also while the potatoes
are being placed, so as to drive off the moisture.

When the potatoes are all in the storage housc the temperature
should be held at 80° to 85° F. for 10 days to two weeks, after which
it should be gradually lowered and held during the storage period
as near 55° as possible. The higher temperatures during the curing
period help to drive off surface moisture. The house thereafter
should be carefully watched as to temperature and moisture. If
moisture accumulates it should be gotten rid of by opening the ven-
tilators, or, if necessary, by raising the temperature for a day or
two.

Sweet potatoes must not be allowed to freeze. However, there is
no immediate danger if the temperature drops to nearly freezing for
a day or two. High temperatures should not be permitted for a very
long time.

Sweet potatoes in storage must not be handled, unless it is intended
to market them at once. It is unsafe to pick them over in order to
remove the decayed ones. So doing wounds sound ones, which in
turn will decay. The decayed potatoes must be left alone.

Wounding caused by handling and by mice and rats is responsible
for most of the decay in storage. Rats and mice seek refuge in
sweet-potato houses where the temperature is congenial and food
plentiful. Theynibble many of the potatoes, making wounds through
which enter such organisms as RAizopus nigricans, the cause of soft
rot. Many infections can be traced to wounds madc by the gnawing
of mice and rats. They must be excluded if sweet potatoes are to
be kept successfully in storage.

FUMIGATION OF POTATOES IN STORAGE

Some farmers have recommended and certain investigators have
suggested that the sweet potatoes in storage be subjected to fumiga-
tion to protect them against decay. The possibility of success from
such a treatment would depend upon whether or not the fungi caus-
ing decay could be killed without the potatoes being injured. With
these possibilitics in mind, the writers undertook a series of experi-
ments in which (1) burned sulphur and (2) gas released from forma-
lin by potassium permanganate were used as the disinfecting agents.

Only certain details of these experiments need be given. A tight
container was used, in which sulphur was burned at the rate of one-
half and 1 pound to 100 bushels of potatoes in 860 cubic feet of
space. Cultures of Fusarium hyperoxzysporum (the cause of stem
rot), Rhizopus nigricans (the cause of soft rot), and Ceratostomella
fimbriata (the cause of black rot) were put into the container, which
was kept tightly closed for 24 hours, after which the potatoes were
removed and carefully examined for injury. It was found that the
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potatoes were badly injured in spots, the extent of injury cérrespond-
ing to the quantity of sulphur burned. 'The spots were more or less
circular, somewhat sunken, and appeared to be located at places where
the potatoeshad been injured or bruised.  The injury from the sulphur
treatment became more conspicuous after a few days. This treat-
ment did not kill the orgamsms placed in the containers with the
potatoes, These results seemned to prove that sulphur could not be
suecessfully employed, since the potatoes were injured at a concen-
tration which did not destroy the fungi. Moistening the potatoes
before fumigation did not alter the resnlts.

Similar results were obtained by treating the sweet potatoes with
formaldehyde and potassium permanganate. The proportions of
chemicals recommended by Stewart and Gloyer (775) for potatoes,
naniely, 8 pints of formaldehyde and 23 ounces of permanganate to
167 buslels of potatoes in 1,000 cubic feet of space, were employed
and the sweet potatoes subjected to the gas for 24 hours, after which
they were removed and exaniined for injury. A culture of several
fungi, some of them storage-rot organisms (Lhizopus nigricans,
Ceratostomella fimbriate, and Fusariwm sp.) were placed in the
container. The sweet potatoes subjected to this treatment were like-
wise injured, and the fungi were not killed. The results of these
investigations further showed that sweet potatoes subjected to this
treatment decayed more rapidly after removal from the eontainer
than did sweet potatoes not treated. This was probably due to the
fact that the rot-produeing organisms gained a foothold through
the injuries caused by the treatment,

SUMMARY

This extended account of the diseases of the sweet potato (Ipomoea
batatas Poir.) is prefaced by a short statement as to the probable
origin of the sweet potato, statistics on the yield and crop losses
through diseases, and a diseussion of the agricultural practices and
methods and their relation to the prevalence and severity of diseases
in general.

The field diseases of the sweet potato caused by fungi—stem rot,
black rot, foot rot, Texas root rot, scurf, soil rot, mottle necrosis, root-
let rot, sclerotial blight, Rhizoctonia rot, white rust, leaf blight, and
several minor diseases—are fully considered with respeet to the his-
tory of the diseases, their geographical distribution and economic
importance, the symptoms, and the pathogenicity, morphology, life
Listory, and dissemination of the causal organisins,

The storage diseases that are caused by fungi—soft rot and ring
rot, black rot, Java black rot, dry rot, foot rot, charcoal rot, scurt,
surface rot, and a few minor diseases—are considered in the same ex-
Laustive manner as the field diseases. When a disease has been
deseribed as a field disease and the sanie one also occurs in storage,
only enough of the field symptoms are reviewed to make clear the
connection between the field oceurrence of the disease and its appear-
ance in storage.

The physiological diseases and those of unknown cause in both field
and storage—mosaie, growth eracking, fasciation, intumescence, sun
seald, and internal breakdown—are deseribed with regard to their
occurrence, extent of damage, and probable cause.
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The control of the field diseases is exliaustively discussed under
the following headings: Exclusion, eradication, and resistant and
susceptible varieties. A summary of the control measures for the field
diseases is given. The control of the storage diseases is taken up
under the following headings: Elimination, digging and handling,
the storage house and its management, and fumigation of potatoes in
storage.
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